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SPORE-SHEDDING IN GELIDIUM PUSILLUM 
(GELIDIALES, RHODOPHYTA), WITH SOME OBSERVATION 
ON A MORPHOLOGICAL MUTANT 


Stein FREDRIKSEN 


Department of Biology, Section for Marine Botany, University of Oslo, 
P.O. Box 1069 Blindern, N-0316 Oslo, Norway 


ABSTRACT - Tetraspore shedding in Gelidium pusillum has been investigated in culture. The 
highest numbers of spores were shed between 12° and 22°C, No difference in spore liberation during 
24 hours of light or darkness was found. The total number of spores produced per stichidium was 
estimated to be more than 5000, equivalent to 28 x 10° spores per gram plant (fresh weight). A 
temperature of 30°C for one week was lethal, but spores survived 2°C and total darkness for 2 weeks, 
An aberrant type of sporeling development was observed, resulting in globular plants. Back-crosses 
gave wild type tetrasporophytes and hybrid tetrasporelings developed into wild type and mutant 
morphotypes at a ratio of 1:1, indicating the presence of a single recessive mutation. 


RÉSUMÉ - La libération des tétraspores chez Gelidium pusillum a été étudiée en culture. Le plus 
grand nombre de spores a été émis à des températures comprises entre 12° et 22°C. Une périodicité 
diurnale de libération de spores n’a pas été constatée. Le nombre de spores produites par stichidie a 
été estimé à plus de 5000, soit un total de 28 x 10° spores par gramme de plante (poids frais). 30°C 
pendant une semaine est léthal, mais les spores ont survécu à 2°C et en obscurité totale pendant 2 
semaines, Un mutant, caractérisé par un développement aberrant, a été observé, produisant des 
plantes en pulvinule. Un croisement entre un type sauvage et un mutant à donné des tétrasporophytes 
de type sauvage dont les tétraspores se sont développées en deux différents morphotypes dans un 
rapport 1:1, indiquant une seule mutation récessive 


Key words - Gelidium pusillum, spore-shedding, morphological mutant, culture. 


INTRODUCTION 


Species of Gelidium produce tetrasporangia in special branchlets (stichidia), 
which makes it feasible to investigate the number of spores produced per stichidium 
under a variety of environmental conditions. Umamaheswara Rao & Kaliaperumal 
(1983) showed that dessication, light intensity, photoperiod, salinity and temperature all 
affected the shedding process in Gelidium pusillum (Stackhouse) Le Jolis from India, 
and the same authors demonstrated diurnal periodicity in spore-shedding with the 
maximum output of spores at night (Umamaheswara Rao & Kaliaperumal, 1987). Other 
Studies have estimated the reproductive effort in Gelidium species in terms of the 
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number of spores produced per fresh weight (Suto, 1950; Guzmán-del Próo et al., 1972; 
Kaliaperumal & Umamaheswara Rao, 1986). Most of these have been carried out on 
field-collected specimens brought into the laboratory. In the present study unialgal 
cultures of Gelidium pusillum were used to determine the number of spores produced 
per stichidium. The number of spore-shed were registrated under light and dark cycles 
and at various temperatures. 

The characteristic spore germination pattern in species of Gelidiales has been 
studied repeatedly (see Santelices, 1988 for a review) and has also been used as a 
taxonomic character of the order (Papenfuss, 1966). An aberrant type of sporeling 
development was observed in some of the many germinating spores in this study that 
resulted in densely branched « globose » fronds. A male strain of this mutant was 
crossed with the wild type. The hybrid tetrasporophytes derived from the cross 
produced tetraspores and details of early sporeling morphogenesis in the two resulting 
morphotypes are described. 


MATERIALS AND METHODS 


The culture of Gelidium pusillum used was originally isolated from Wimereux 
(NW France). Culture methods were the same as in Fredriksen & Rueness (1990). Two 
young stichidia that had just started to shed spores (numbers 1 and 2) and two older 
ones that had already shed some tetraspores (number 3 and 4) were removed from the 
plant and placed in four separate wells in a multiwell plate, each containing 1.5 ml of 
medium at 17°C. The stichidia were kept in each well for 24 h either in continuous light 
(100 pmol photons m° s°) or in continuous darkness, after which they were transferred 
to a new well and the total number of spores shed was counted. The significance of 
differences between mean values was tested using a Student’s t-test. 

To determine the number of spores shed at various temperatures, five Petri 
dishes, each containing one stichidium, were placed at each of the following 
temperatures for 24 h: 27°, 22°, 18°, 12°, 8° and 2°C. The experiment started at the 
highest temperature, and the dishes were moved successively to lower temperatures 
after 24 h, Irradiance was 100 mol photons m* s* under a 16:8 light: dark cycle. The 
average number of spores shed at each temperature was compared using a one-way 
ANOVA on log(x) transformed data (significance level 0.05). 

The tolerance of spores to prolonged exposure (14 days) to extreme 
temperatures (2°, 27° and 30°C at 50 umol photons m* s' in a 16:8h lightidark 
photoperiod) and high irradiances (250 mol photons m* s* at 17°C in a 16:8h light: 
dark photoperiod) was determined. In a separate experiment exposure to complete 
darkness (17°C) and to continuous light (100 umol photons m* s* at 17°C) was tested. 

To study details of sporeling morphogenesis, tetraspores settled on cover slips 
were stained with Lactophenol-Wasserblau (Chroma) and mounted for microscopic 
examination. 
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The period between the start and the termination of spore shedding as 
determined in this study is at least 38 days, by which time each stichidium has released 
a total of 5000-6000 spores (Fig. 1). The number of stichidia produced on each 
tetrasporophyte was between 45 and 120 (n= 4, fresh weight of thalli 0.015-0.025g), i.e. 
up to 700 000 spores per plant or 28 x 10° spores per g fresh weight. 


Cumulative number of spores shed 
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Fig. 1 - Cumulative number of Gelidium pusillum spores shed from two stichidia during a 38-day 


period. 


There was no significant difference between the number of spores shed during 


24 hours periods of darkness or light (Fig. 2). 


The mean number of spores shed at different temperatures is shown in Fig. 3. 
The optimum temperature for spore shedding in this isolate of G. pusillum appears to 
be between 12° and 22°C, and the numbers of spores released were significantly lower 
at the other temperatures tested (Fig. 3 and Table I). 


Table I - One-way ANOVA on Jog(x) transformed data for numbers of spores shed at different 


temperatures in Gelidium pusillum. 




















Source df | Sumofsquares | Mean square | F-test P value 
Between subjects 4 0.166 0.041 0.142 0.965 
Within subjects 25 7.300 0.292 

Treatments 5 6.521 1.304 33.473 0.0001 
Residual 20 0.779 0.039 
Total 29 7.466 
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Fig. 2 - Average number of spores shed by four different stichidia of Gelidium pusillum during 24- 
hour periods of light and darkness. SE indicated 
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Fig. 3 - Average number of spores of Gelidium pusillum shed per 24 hours at different temperatures. 
SE indicated. 
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: Gelidium pusillum, differentiation into different morphotypes. 

Fig. 4: Wild type tetrasporophyte of Gelidium pusillum with tetrasporangial stichidia. Fig. 5: Recently 
settled tetraspores in early stages of germination showing evacuation of spore contents into a 
germination tube. Fig. 6: Two-day-old tetrasporelings. Fig. 7: Four-day-old tetrasporelings. Two 
morphological types may be recognized by the shape of the apical cell. N = wild type with dome- 
shaped apical cell, D = mutant type with spherical apical cell. Fig. 8: Six-day-old mutant type 
sporeling. Fig. 9: Seven-day-old wild type (N) and mutant type sporeling (D). Note the central (A) 
and pericentral (P) cells in the wild type 
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At temperature of 30°C, all spores were dead after one week, whereas spores 
survived temperatures of 2° and 27°C (at 50 umol photons m? s”). Spores also survived 
high irradiance (250 umol photons m* s") and continuous light (100 pmol photons m° 
s’) at 17°C for 14 days. In complete darkness, the tetraspores underwent a few cell 
divisions and survived for about 14 days (Fig. 14). 

A stichidium-bearing tetrasporophyte from culture is illustrated in Fig. 4, and 
spores germination typical of the Gelidiales is shown in Figs. 5 and 6. Among the 
hundreds of germinating tetraspores examined, an aberrant type was discovered and 
isolated in separate culture. One specimen of the mutant produced spermatangia and 
this was used in a back-cross with the «wild type» (term used for cultured specimens of 
G. pusillum with typical appearance). The resulting carpospores germinated into 
tetrasporophytes similar to the wild type, but following tetrasporogenesis, the hybrid 
tetraspores produced mutant (51.3%) and wild type (48.7%) progeny at a ratio of 1:1. 

Two different morphological types could be distinguished about four days after 
tetraspore germination (Fig. 7). The wild type had a dome-shaped apical cell, whereas 
the mutant had a round apical apical cell. The round shape of the apical cell and the 
irregular arrangement of surface cells became more marked as the germlings grew older 
(Figs. 8, 10). The mutant was smaller and the inner axial and perixial cells were poorly 
defined (Fig. 9). The arrangement of second order filaments appears to be normal in 
older mutant plants (Fig. 13). After 2 months, the mutant plants were about 1 mm long 
and lacked the main axis characteristic of the wild type (Fig. 11). After one year in 
culture the mutant plants were globular and remained so for four years (Fig. 12), A 
transverse section of one axis of the mutant showed internal rhizoids in the centre (Fig. 
13), similar to those seen in the wild type plant. Only male mutant plants have become 
reproductive, while the rest have remained vegetative. Among the wild type plants, 
females and males were found at a ratio of 1:1. 


DISCUSSION 


Each stichidium in Gelidium pusillum produces a large number of tetraspores 
and there are many stichidia on each plant. Studies of other Gelidium species indicate 
that the numbers of spores they shed are in the same range as found for G. pusillum in 
this study or rather lower. Suto (1950) observed that during the shedding season 
Gelidium amansii Lamouroux produced 10° to 10° spores per gram of thallus daily. 
Guzmán-del Próo et al. (1972) found that Gelidium robustum (Gardner) Hollenberg et 
Abbott reached a maximum of 27,453 tetraspores per month per thallus and 
Kaliaperumal & Umamaheswara Rao (1986) showed that G. pusillum could release 
about 1 x 10° spores per gram thallus over a period of about 2 years. For Gelidiella 
acerosa (Forsskal) Feldmann et Hamel, Screenivasa Rao (1971) found that tetraspore 
production was about 2 x 10° spores per plant per season. The number of tetraspores 
produced reflects a relatively high allocation of resources to reproduction. A large 
number of spores is important to ensure dispersal and recruitment. It is, however, 
important to remember that the number of spores produced by Gelidium pusillum in this 
study is probably close to the maximum possible since almost every branch is turned 
into a fertile stichidium. 
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Figs. 10-13: Gelidium pusillum, differentiation into different tetrasporeling morphotypes 

Fig. 10: Nine-day-old mutant type. Fig. 11: Two-month-old mutant type. Fig. 12: Three-year-old 
mutant type. Fig. 13: Cross-section of a mutant as depicted in Fig. 12 showing central cell (A) and 
internal rhizoids (R). Fig. 14: Tetrasporeling after 12 days in total darkness. 


In G. amansii from Japan, Suto (1950) found that the numbers of tetraspores 
shed reached a maximum in the afternoon. Suto (1950) stated that «accumulating effect 
of light is supposed to induce shedding». Umamaheswara Rao & Kaliaperumal (1987) 
found a definite rythm in the shedding of tetraspores in G. pusillum, with a peak output 
from 1800-2200 hours while Ngan & Price (1983) found that tetraspore output in G. 
pusillum from tropical Australia reached a maximum both in the morning (0500-0900) 
and in the afternoon (1300-1600). Spore output also reached a maximum in the morning 
in other species of Gelidium (Ngan & Price, 1983). In the present investigation no such 
peaks in shedding could be found after periods of light or darkness. However, one 
possible disadvantage of using cloned cultures such as these in experiments is that 
endogenous rhythms may be lost after several years in culture. 
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There was a significant temperature effect. Maximum shedding was found 
between 12° and 22°C, Both Katada (1955) (in Gelidium amansii) and Umamaheswara 
Rao & Kaliaperumal (1983) (in G. pusillum) found that the shedding increased with 
temperature up to about 25°C. Suto (1950) showed that shedding of tetraspores and 
carpospores in Gelidium amansii starts when the water temperature reaches 20° and 
24°C, respectively. In G. pusillum 27°C is probably near the upper temperature 
tolerance limit since 30°C proved to be lethal. 

In the present study tetraspores were exposed to various irradiance regimes and 
survived all except total darkness for longer than 14 days. Umamaheswara Rao & 
Kaliaperumal (1983) observed a reduction in spore output with increasing irradiance, 
suggesting that tetraspores are rather light-sensitive. However, the maximum irradiance 
used by Umamaheswara Rao & Kaliaperumal (1983) was 5500 lux (approximately 110 
umol photons m° s', Lüning, 1981) which is not very high. At such levels of 
irradiances, it seems unlikely that the reduction in spore output with increasing 
irradiance can be explained by the sensitivity of newly-settled tetraspores to light. 

Genetic segregation in red algae usually occurs in the haploid gametophytic 
phase, in which recessive mutations are not masked by wild type alleles. In this study, a 
back-cross using a mutant male and a wild type female produced wild type 
tetrasporophytes. During tetrasporogenesis a 1:1 segregation of the two types of 
tetraspores was seen, indicating the presence of a single recessive mutation. Van der 
Meer (1990) presented a survey of genetic studies that included an unidentified 
Gelidium species that produces a dwarf mutant plant. Harvey (1846) depicted a small 
globular specimen in his description of Gelidium corneum Lamouroux, suggesting that 
such forms occur occasionally in nature. 

The morphological mutation in Gelidium pusillum described here was not sex- 
linked, as there were both female and male gametophytes among the wild type plants. 
Only male gametophytes (50% of the total) have been found to be fertile in the mutant 
plants; the rest have remained vegetative. These may be female plants in which a 
defective gene suppresses the ability to reproduce. 
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CORALLINALES OF MALVINAS ISLANDS: 
BIOLOGICAL CHARACTERISTICS 


Maria Laura MENDOZA & Sandra MOLINA 


Centro Austral de Investigaciones Cientificas, C.C, 92 (9410). 
Ushuaia, Tierra del Fuego, Argentina 


ABSTRACT - Recent studies on Corallinales of Malvinas Islands concluded that crustose calcareous 
algae are more abundant than geniculate ones. Hydrolithon represents 53% of the specimens with 
four species (H. consociatum, H. discoideum, H. falklandicum, H. subantarcticum), Pseudolitho- 
phyllum 21,8% with one taxon (P. fuegianum); Synarthrophyton 12,3% with two species (S. neglec- 
tum, S. patena); Clathromorphum (5,8% with three species (Cl. lemoineanum, Cl. annulatum, Cl. 
variabile comb. nov.); Mesophyllum 4,9% with one species (M. fuegianum); Bossiella 1,1% with one 
taxon (B. orbigniana ssp. orbigniana); Corallina 1,1% with two species (C. officinalis, C. elongata). 
‘These taxa present a characteristic vertical distribution in both intertidal and subtidal 


RESUMEN - El estudio de las Corallinales de las Islas Malvinas revelo una marcada abundancia de 
las algas calcareas incrustantes en relación con las geniculadas. El género Hydrolithon con cuatro 
especies (H. consociatum, H. discoideum, H. falklandicum, H. subantarcticum) representa el 53% de 
los ejemplares estudiados; Pseudolithophyllum con un taxon (P. fuegianum) el 21,8%, Synarthro- 
phyton con dos especies (S. neglectum, S. patena) el 12,3%; Clathromorphum con tres especies (Cl. 
lemonianum, Cl. annulatum, Cl. variabile comb. nov.) el 5.8%; Mesophyllum con un taxón (M. 
fuegianum) el 4.9%; y los géneros de las geniculadas, Bossiella con una subespecie (B. orbigniana 
ssp. orbigniana) el 1,1% y Corallina con dos especies (C. officinalis, C. elongata) el 1,1% de los 
ejemplares. De estas taxas se presentan sus principales caracteres y su distribución vertical. 


RÉSUMÉ - L'étude des Corallinales des Iles Malouines montre une abondance évidente des algues 
encroútantes par rapport à celles qui sont géniculées. C'est ainsi que sur la totalité des exemplaires 
étudiés les algues encroûtantes sont représentées par Hydrolithon avec quatre espèces (H. consocia- 
tum, H. discoideum, H. falklandicum, H. subantarcticum) 53%, Pseudolithophyllum avec un taxon 
(P. fuegianum) 21,8%, Synarthrophyton avec deux especes (S. neglectum, S. patena) 12,3%, 
Clathromorphum avec trois espèces (Cl. lemonianum, Cl. annulatum, Cl. variabile comb. nov.) 5,8%, 
Mesophyllum avec un taxon (M. fuegianum) 4,9%, tandis que les algues géniculées ne sont repré- 
sentées que par Bossiela avec une espèce (B. orbigniana ssp. orbigniana) 1,1% et Corallina avec 
deux espèces (C. officinalis, C. elongata) 1,1%. Les caractéristiques de la distribution verticale de ces 
espèces sont présentées 


KEY WORDS - Corallinales, Malvinas Is., biology. 
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INTRODUCTION 


Foslie (1905, 1906, 1907) and Lemoine (1913, 1915, 1920) were the first spe- 
cialists who studied the Corallinales of Malvinas Islands. Specimens had been collected 
during the antarctic expeditions. Lemoine (1915) also examined specimens collected by 
Mrs, Vallentin in Malvinas Islands in 1910. 

First identifications were based on the morphological character, vegetative 
anatomy and number of pore of the conceptacles of the specimens, Other authors such 
as Harvey (1847), Hariot (1889) and Cotton (1915), who were not specialists in coral- 
line algae based their identifications on the external morphology only. 

Moreover Skottsberg (1923, 1941), Levring (1944, 1960) and other authors only 
mention the calcareous taxa described by Foslie and Lemoine. 

Since 1970 research has taken into account the retroductive characters and the 
thallus morphogenesis. This new method brought about a new classification of the 
genera. Consequently the results obtained were highly different from those of the early 
century. Some of the new results can be seen in Mendoza (1976, 1979, 1988, 1990a, 
1990b), Mendoza & Cabioch (1984, 1985, 1986a, 1986b), Mendoza & Molina (1993) 
when studying the subantarctica Corallinales. 

The present work emphasizes the peculiarities of the corallines algae of the 
Malvinas Islands. 

Malvinas is an archipelago formed by two main islands and more than 220 
islets. The eastern one is Soledad island (6306 km’) and the western one is Gran 
Malvina (4532 km’), San Carlos Strait run between them. The islands are located in the 
South Atlantic Ocean between 51° and 53°S and 62°W, approximately at 565 km 
eastwards the Magellan Strait (Fig. 1). 

The coast shape is irregular. There are deep fjords with steep walls, peninsulas, 
exposed capes or little bays sheltered from the heavy winds. Beaches are sandy, slimy 
or pebbly. 

The weather is cold and wet, with mean temperatures getting to 9°C in summer 
and 2°C in winter and maximum temperatures rising to 24°C in summer (January) and 
8° in winter (July). Seawater temperature is 2-4°C in winter and 8-10°C in summer, and 
itis influenced by the cold-current of Malvinas. 

Winds are frequent and strong, annual mean velocity reaches 16 miles per hour. 
Annual rainfall average is 365 mm; drizzle is constant through the year. 

In summer, daylight is remarkably longer than in winter (6 am to 11 pm and 10 
am to 5 pm respectively), Days are frequently cloudy. 


MATERIAL AND METHODS 


Samples were collected in November 1980, June and February 1981 at low tide: 
Stanley Port, Hooker Point, Yorke Point, Eliza Cove Cristina Bay, Fish Rock, San Luis 
Port, Seal Cove and Pembroke Cape. 

Specimens are fixed in 4% seawater in neutral formol; histological section were 
done according to Cabioch (1972). 


Source : MNHN, Paris 
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Fig. 1: geographic and phytogeographic location of Malvinas Islands. 


The percentage of genera was determined by the addition of studied specimens. 
Squares of 25 cm by 25 cm were used in order to state the abunbance of cach genera, 
and the following parameters were established: dominant species that cover 100% to 
80% of the square; abundant 80% to 40%, frequent 40% to 10% and rare 10% to 1% of 
the whole (surface) covering. 

For control, the type specimens housed in Paris (PC) and Trondheim (TRH) 


herbarium were (also) examined. 





RESULTS 


1 - The abundance of coralline algae (Rhodophyta) in Malvinas Islands gives a distinc- 
tive physionomy to the vegetation. Some genera of this order cover the lower intertidal 
and subtidal. 





IHN, Paris 
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2 - Seven genera containing 13 species and one subspecies have been identified. 
3 - Identified taxa are: Bossiella, B. orbignana (Dene.) Silva 1957 ssp. orbigniana; 
Corallina, C. elongata Ell. et Sol. 1786, C. officinalis L. 1758; Clathromorphum, Cl. 
annulatum (Fosl.) Mendoza 1990b, Cl. lemoineanum Mendoza et Cabioch 1984, Cl. 
variabile (Fosl.) Mendoza et Molina comb. nov.'; Hydrolithon sensu Mendoza et 
Cabioch 1986b, H. consociatum (Fosl.) Mendoza 1979, H. discoideum (Fosl.) Mendoza 
et Cabioch 1984, H. falklandicum (Fosl.) Mendoza 1979, H. subantarcticum (Fosl.) 
Mendoza et Cabioch 1985; Mesophyllum, M. fuegianum (Fosl.) Adey 1970; Synarthro- 
phyton, S. neglectum (Fosl.) Mendoza 1990a, S. patena (Hooker fils et Harv. in Harv.) 
Townsend 1979, and Pseudolithophyllum sensu Mendoza et Cabioch 1984, P. fuegia- 
num (Heydr.) Mendoza et Cabioch 1984. 
4 - These taxa may be grouped into three morphological types as follows: a- encrusting, 
orbiculate thick thallus with or without small protuberances, Pseudolithophyllum 
‘fuegianum, Hydrolithon consociatum, H. discoideum and Clathromorphum variabile; b- 
semicircular or thin circular laminar thallus, Synarthrophton patena and Mesophyllum 
fuegianum; c- thin coalescent irregular encrusting thallus, Hydrolithon subantarcticum, 
Clathromorphum annulatum and Cl. lemoineanum. 
5 - In most of the non-geniculate species, the epithallus is formed by several layers of 
cells: Clathromorphum annulatum, Cl. lemoineanum, Cl. variabile, Hydrolithon 
consociatum, H. discoideum, H. falklandicum, H. subantarcticum and Pseudolitho- 
phyllum fuegianum. Only three species have an epithallus formed by a single layer of 
rounded cells: Mesophyllum fuegianum, Synarthrophyton patena and S. neglectum. The 
perithethallus is highly developed in most cases, nearly occupying all the thallus. Only 
in three species, the perithallus is as thick as the hypothallus: Mesophyllum fuegianum, 
Synarthrophyton patena and S. neglectum. The hypothallus is generally unistratose. The 
five most abundant species in these coasts that have the hypothallus formed by a single 
layer of cells are: Hydrolithon consociatum, H. discoideum, H. falklandicum, H. 
subantarcticum and Pseudolithophyllum fuegianum. There are three species where the 
hypothallus is made up by 2 or 3 layers of cells: Clathromorphum annulatum, Cl. 
lemoineanum and Cl. variabile. 
6 - Generally speaking within one species 70% are tetrasporophytes, 20% female 
gametophytes and 10% male gametophytes. 
7 - Seaweeds are vertically distributed in the coast. Hydrolithon falklandicum and 
Synarthrophyton neglectum are located from the middle lower intertidal to the bottom. 
H. subantarcticum, H. discoideum and CI. annulatum are abundant in the upper 
subtidal, while at the same place Clathromorphum lemoineanum, Corallina officinalis 
and C. elongata are rare, and Pseudolithophyllum fuegianum is dominant. 


* Clathromorphum variabile (Fosl.) Mendoza et Molina comb. nov. 

Basionym: Lithothammion variabile Fosl. Alg. Not. Il, p. 10, 1906. Crustaceous thallus, external 
surface with protuberances, firmly attached to rocks. Hypothallus composed of 3 to 8 layers of cells, 
rectangular cells, 20-35 um long x 7-9 um in diameter. Perithallus rectangular rounded cells, 12-15- 
17 jm long x 6-9 pm in diameter and with common cell fusions. Epithallus composed of 3-4 layers 
of small cells. Asexual multiporate conceptacle, elliptical chambers, 350-450 um in diameter x 100- 
120 pm high. Sexual conceptacle not known. 


Source : MNHN, Paris 
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Fig. 2: diagrammatic representation of the relative abundance of sexual and asexual thalli. 
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Fig. 3: vertical distribution of Corallinales. 


Source : MNHN, Paris 
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The margins of the lower intertidal pools are completely covered by Hydro- 
lithon falklandicum and Synarthrophyton neglectum. In the middle of the poolwalls H. 
discoideum, Clathromorphum annulatum and CI. lemoineanum are abundant. While, 
Pseudolithophyllum fuegianum, H. consociatum, Cl. variabile and Mesophyllum fuegia- 
num are covering the floor (Fig, 3). 


CONCLUSION 


1 - In Malvinas the remarkable presence of Corallinales (Rhodophyta) and other 
species, Macrocystis pyrifera (L.) C. Ag., Lessonia nigrescens Bory and Durvillaea 
antarctica (Chamisso) Hariot, gives a distinctive physiognomy to the vegetation. 

2 - The abundance of calcareous algae in Malvinas Islands is determined by the 
high number of specimens of the same species and by a great specific diversity 

The crustose Corallinales are more abundant than the geniculate ones. The 
genus Hydrolithon with 4 species (H. consociatum, H. discoideum, H. falklandicum and 
H. subantarcticum) is dominant and represents 53% of the observed specimens; 
Pseudolithophyllum with one species (P. fuegianum) is very abundant and represents 
21,8%. The genus Synartrophyton with two species (S. neglectum and S. patena) is 
abundant and represent 12% of these algae. Clathromorphum with 3 species (Cl. 





60: 


50: 











Fig. 4: Graphic of genera abundance, Y: % of abundance; X: genera (H= Hydrolithon; P= Pseudo- 
lithophyllum; S= Synarthrophyton, Cl= Clathromorphum; M= Mesophyllum; B= Bossiella; C= 
Corallina). 


Source : MNHN. Paris 
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annulatum, Cl. lemoineanum, and Cl. variabile) represents only 5,8%; and the genus 
Mesophyllum with one species (M. fuegianum) 4,9% (Fig. 4). 

Geniculate Corallinales algae represent only 2,2% of the specimens; 1,1% 
belongs to Corallina with 2 species (C. elongata and C. officinalis) and the other 1,1% 
to the genus Bossiella, with one subspecies (B. orbigniana ssp. orbigniana) (Fig. 4). 

3 - All the non-geniculate or encrusting species are particularly characteristic 
and exclusive of the cold waters of the southern Hemisphere, 

The geniculate, Bossiella orbigniana ssp. orbigniana and Coralina elongata, 
are found in both hemispheres; C. officinalis is a cosmopolitan species. 

4 - Some species of Corallinales show a well-defined bathymetric distribution: 
Hydrolithon falklandicum inhabits only the middle intertidal; Bossiella orbigniana ssp. 
orbigniana, Clathromorphum variabile, H. consociatum and Pseudolithophyllum fue- 
gianum appear in the subtidal and the other species are found in the lower intertidal 
(Fig. 3). 

5 - These characteristics of the Corallinales combined with the presence of other 
algae like Macrocystis pyrifera, Lessonia nigrescens, Durvillaea antarctica confirm the 
phytogeographic insertion of the seaweeds of Malvinas Islands in the Fuegian Ocean 
Province (Kiihnemann, 1972) (Fig. 1). 
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ABSTRACT - The occurrence near Livorno (Ligurian Sea, Italy) of Caulerpa racemosa (Forsskål) J. 
Agardh (Chlorophyceae, Caulerpales) is reported. Up to now, the southeastern Mediterranean has 
constituted the northernmost limit of distribution of this species, as indicated by previous algological 
studies. The hypothesis that the distribution of C. racemosa could spread, is put forward. The 
characteristics of this alga and its habitat are described. 


RÉSUMÉ - Des peuplements de Caulerpa racemosa ont été trouvés à proximité de la ville de 
Livourne (Mer Ligurienne, Italie). Jusque là les côtes sud-orientales de la Mer Méditerranée 
représentaient la limite septentrionale de sa distribution. Cette espèce semble donc être en voie de 
d'extension. Les caractéristiques de cette algue et son habitat sont décrits. 


KEY WORDS - Caulerpa racemosa,Chlorophyta, Northwestern Mediterranean Sea, biogeography. 


INTRODUCTION 


Caulerpa racemosa (Forsskål) J. Agardh is a tropical alga of wide distribution, 
very common in the Red sea (Rayss, 1941; Cirik & Öztürk, 1991). 

In spite of its relatively frequent occurrence along the southern and eastern 
Mediterranean, this species has not been previously recorded in northern 
Mediterranean. To date, it has been found in areas of Tunisia (Hamel, 1926, 1930, 
1931; Ben Alaya, 1971; Ben, Maiz et al., 1987), Egypt (Aleem, 1948, 1950), Syria and 
Lebanon (Hamel, 1930, 1931; Lami, 1932; Rayss, 1941; Aleem, 1950; Mayhoub, 
1976), south Italy (Syracuse and Pelagean Island) (Alongi et al., 1993) and on the greek 
coasts (Panayotidis & Montesanto, 1994); a reduced form, C. racemosa var. 
lamourouxii (Turner) Weber yan Bosse fa. requienii (Montagne) Weber van Bosse was 
found in Syria (Huvé, 1957), Israel (Rayss & Edelstein, 1960; Lipkin & Friedmann, 
1967) and Turkey (Huvé, 1957; Cirik & Oztiirk, 1991) (Fig. 1). 

Specimens of C. racemosa were collected on the rocky shoals of Meloria near 
Livorno (Ligurian sea, Italy) during a Caulerpa taxifolia (Vahl) C. Agardh surveillance 
campaign in the Mediterranean. In this paper we describe its morphology and the 
habitat. 


* Consorzio per il Centro Interuniversitario di Biologia Marina, P.le Mascagni 1, 57100 Livorno, 
Italy. 
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Fig. 1 - Map showing the distribution of Caulerpa racemosa (Forsskal) J. Agardh in the 
Mediterranean sea( our record; e previous records). 


MATERIALS AND METHODS 


Thalli of Caulerpa racemosa were collected using SCUBA between September 
1993 and January 1994 in the infralittoral zone, at 4 m depth, in a moderately exposed 
area of the Meloria Shoals just off Livorno (Fig. 2). In this area, colonized by a 
Posidonia oceanica meadow, it forms a dense population which covers the dead 
« mattes » patches, intermingled with an algal community dominated by Acrothamnion 
preissii (Sonder) Wollaston, Flabellia petiolata (Turra) Nizamuddin, Plocamium 
cartilagineum (L.) Dixon and Cladophora spp. Kützing. Collections were preserved in 
4% formalin seawater. For morphological observations of the plastidome, squash 
preparations were stained with an iodine solution. Dried and picked specimens are 
located in the Herbarium of the Department of Territorial and Environmental Sciences 
(University of Pisa). Photographs were taken with a Nikon camera. Freshly collected 
plants were transplanted to an aquarium and cultivated at 20°C under 15-20 pE.m° s* 
with a 12:12 L:D photoperiod. 


OBSERVATIONS 
Plants form large flat tufts, 10-15 cm thick. Thallus (Fig. 3) is composed of 0.9- 
1.1 (2) mm thick stolons fixed by numerous well developed and finally ramified 


rhizoids; erect axes, 2-3 (5) cm high, bear vesicle-like branchlets on longitudinal rows. 
Branchlets are 4-5 mm long and spherical parts are 4-5 mm long and spherical parts are 


Source : MNHN. Paris 
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Fig. 2 - Map showing the locality of collection (arrow) of Caulerpa racemosa. 


2-3 mm wide. The chloroplasts (devoid of pyrenoids) are subovoid 3(6) um long and 
2(4) um broad while leucoplasts are 10 (14) x 5(7) um. Specimens collected in the 
Meloria area compared well with Caulerpa racemosa var. racemosa according to the 
description of Coppejans (1992) however thalli are higher compared with the tropical 
forms. Under aquarium condition, at a light intensity lower than that typical of their 
natural habitat, the plants change their form and produce 10 cm high high erect 
cylindrical assimilators completely bare or with rare opposite vesicle-like (1 mm wide) 
branchlets (Fig. 4). 


DISCUSSION 
In the recent decades, a variety of tropical algae have proliferated in the 


Mediterranean sea due to acciental introduction or have penetrated from the Red sea via 
the Suez Canal (Hamel, 1931; Rayss, 1941; Aleem, 1948). A large number of them, 


Source : MNHN, Paris 
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Fig. 3 - Caulerpa racemosa collected in the Meloria area; thallus grown on a dead rhizome of 
Posidonia oceanica (L.) Delile. Bars = 1 cm. 


however, have been limited to the southern and eastern shores (Aleem, 1948; Meinesz 
& Hesse, 1991). 

Recently in the northwestern Mediterranean, in particular near Livorno, several 
new species have been found: Acrothamnion preissii (Sonder) Wollaston (Cinelli & 
Sartoni, 1969), Polysiphonia setacea Vallenberg (Airoldi et al., in press), Caulerpa 
taxifolia (Meinesz et al., 1993). In this area, C. racemosa seems to have spread fairly 
recently since 1971 (Cinelli, 1971). The occurrence of C. racemosa in the Meloria area 
extends its distribution to the northwestern Mediterranean. Moreover, the presence 
during winter of the typically well developed mature forms does not seems to be in 
agreement with the hypothesia that species live under suboptimal conditions in the 
northernmost Mediterranean (Lipkin & Friedmann, 1967). The unbranched thalli, 
grown under aquarium conditions, show characteristics similar to those described for 
juvenile stages by Lipkin & Friedmann (1967). This phenomenon reconfirmed that the 
morphological plasticity of this species may be affected by environmental parameters, 
as previous culture studies have demonstrated (Ohba & Enomoto, 1987; Peterson, 1972; 
Calvert, 1976). 


Source : MNHN, Paris 
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Fig. 4 - Juvenile thallus of Caulerpa racemosa grown under aquarium conditions. Bar = 1 cm. 
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THE REPRODUCTIVE MORPHOLOGY OF PLATOMA 
CYCLOCOLPUM (NEMASTOMATACEAE, GIGARTINALES) 
FROM GRAN CANARIA, CANARY ISLANDS 


Michio MASUDA' and Michael D. GUIRY 


The Martin Ryan Marine Science Institute and Department of Botany, 
University College Galway, Galway, Ireland 


ABSTRACT - Nine species are currently included in the marine red algal genus Platoma 
(Nemastomataceae, Rhodophyta), which is typified by P. cyclocolpum (Montagne) Schmitz 
described by J.F.C. Montagne (as Halymenia cyclocolpa) in the early part of the last century from 
Tenerife, Canary Islands. Recently collected plants of Platoma cyclocolpum from another of the 
Canary Islands, Gran Canaria, are similar in morphology and reproduction to type material of 
Halymenia cyclocolpa Montagne, for which a lectotype is selected. Connecting filaments of P. 
eyelocolpum arise from subsidiary auxiliary cells fused or connected with fertilized carpogonia in 
the same manner as found in Schizymenia. These specimens and Montagne’s material have large 
intercalary gland cells in the cortical fascicles. The other eight known species of Platoma and some 
other members of the Nemastomataceae require reinvestigation to establish their generic and familial 
relationships, but it is clear that Platoma, Schizymenia and Titanophora are more closely related to 
each other than they are to the remaining genera of the Nemastomataceae and should probably be 
referred to a separate family. The new combinations Tsengia lancifolia (Okamura) comb. nov. 
(basionym: Nemastoma lancifolium Okamura) from Japan and Tsengia pulchra (Baardseth) comb. 
nov. (basionym: Nemastoma pulchrum Baardseth) from Tristan da Cunha are proposed. 
Carpospores of Gran Canarian P. cyclocolpum developed into coherent crustose plants without gland 
cells; these superficially resemble the Haematocelis-phase of Schizymenia dubyi (Chauvin ex Duby) 
J. Agardh, but lack the refractive cell inclusions and secondary pit-connections between cells of 
adjacent perithallial filaments described for this phase. The Platoma crustose phase did not form 
erect axes and no sporangial reproduction took place under a wide range of environmental 
conditions. 


RESUME: Neuf espèces ont été couramment incluses dans le genre marin d'algue rouge Platoma 
(Nemastomataceae, Rhodophyta), qui est typifié par P. cyclocolpum (Montagne) Schmitz décrit par 
JF.C. Montagne (comme Halymenia cyclocolpa) au début du siècle demier de Tenerife, aux Îles 
Canaries. Récemment, des thalles du Platoma cyclocolpum récoltés sur une autre ile des Canaries, 
Grande Canarie, sont semblables par leur morphologie et leur reproduction au matériel type de 
Halymenia cyclocolpa Montagne, dont un lectotype a été sélectionné, Les filaments connecteurs de 





1 Present Address: Division of Biological Sciences, Graduate School of Science, Hokkaido 
University, Sapporo, 060 Japan. 
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P. cyclocolpum naissent de cellules auxilliaires subsidiaires après fusion ou connection de celles-ci 
avec le carpogone fécondé, de façon identique à ce qui a été trouvé chez Schizymenia. Ces 
spécimens et le matériel de Montagne ont de grosses cellules glandulaires intercalaires dans les 
faisceaux corticaux, Les huit autres espèces connues de Platoma ainsi que d'autres membres de 
Nemastomataceae nécessitent des recherches ultérieures afin d'établir leurs parentés au niveau 
générique et familial; cependant, il est clair que les genres Platoma, Schizymenia et Titanophora ont 
entre eux des rapports plus étroits qu'avec les autres genres de Nemastomataceae et qu'ils devraient 
probablement être rattachés à une famille différente. Les nouvelles combinaisons Tsengia lancifolia 
(Okamura) comb. nov. (basionym: Nemastoma lancifolium Okamura) du Japon, et Tsengia pulchra 
(Baardseth) comb. nov. (basionym: Nemastoma pulchrum Baardseth) de Tristan de Cunha sont 
proposées. Les carpospores du P. cyclocolpum de Grande Canarie se sont développés en croútes 
cohérentes sans cellules glandulaires; superficiellement ils ressemblent 4 la génération Haematocelis 
du Schizymenia dubyi (Chauvin ex Duby) J. Agardh, mais leurs cellules ne présentent pas les 
inclusions réfringentes ni les synapses secondaires entre les cellules adjacentes des filaments du 
périthalle, qui ont été observée dans cette génération. La génération encroútante, cultivée sous des 
conditions variées de l'environnement, n’a produit ni axes dressés, ni sporocystes. 


Key Words: Gigartinales, Nemastomataceae, Platoma, Rhodophyta, Tsengia. 


INTRODUCTION 


The red algal family Nemastomataceae? (J. Agardh) Schmitz in Engler (1892, p. 
22 “Nemastomaceae”), also known as the Gymnophloeaceae Kützing (1843, p. 389 
“Gymnophlaeaceae”), currently includes seven genera (Womersley & Kraft, 1994): 
Nemastoma J. Agardh (1842, p. 89), Schizymenia J. Agardh (1851, p. 169), Platoma 
Schousboe ex Schmitz (1894, p. 627), Predaea G. De Toni (1936, p. 5), Titanophora J. 
Feldmann (1942, p. 111), Tsengia K. C. Fan et Y. P. Fan (1962, p. 191) and 
Adelophycus Kraft in Womersley & Kraft (1994, p. 146). These genera are 
characterised by various combinations of vegetative and reproductive features, but in 
most species ascribed to the family details of the female reproductive structures, post- 
fertilization development, and the vegetative and reproductive features of 
tetrasporophytes are required, particularly for the generitypes. For example, little is 
known of post-fertilization development in the type species of Titanophora, T. pikeana 
(Dickie) J. Feldmann, and in several genera tetrasporophytes are still unknown. 

The genus Platoma‘ is one such genus and currently includes nine species: 1) 
P. cyclocolpum (Montagne) Schmitz (1894, p. 627 as cyclocolpa), the type species; 2) 


2 The name Nemastomataceae is not included in the nomina familiarum algarum conservanda listed 
in the current International Code of Botanical Nomenclature (Greuter 1988, p. 90), but its 
conservation against Gymnophloeaceae has been proposed (see Silva, 1993, p. 708) 

Adelophycus is a substitute name for Adelophyton Kraft (1975, p. 280) non Adelophyron Renault 

1901, p. 424) 

Athanasiadis (1988, p. 31) regarded Platoma as neuter in gender, although it is generally 
considered to be feminine (see the discussion in Norris & Bucher 1977, p. 161, who concluded that 
traditional feminine usage should be maintained). It is relevant, however, to note that Montagne 
(1841, p. 163) treated the name as neuter. Generic names of plants derived from Greek ending in - 
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P. marginiferum (J. Agardh) Batters (1902, p. 94 as marginifera); 3) P. incrassatum 
Schousboe ex De Toni (1905, p. 1646 as incrassata); 4) P. tenue Howe et Taylor 
(1931, p. 32 as tenuis); 5) P. izunosimense Segawa (1938, p. 143 as izunosimensis); 6) 
P. fanii Dawson (1961, p. 197); 7) P. abbottianum J. N. Norris et Bucher (1977, p. 157 
as abbottiana); 8) P. foliosum Womersley et Kraft (1994, p. 152 as foliosa); and 9) P. 
australicum Womersley et Kraft (1994, p. 152 as australica). The alga long known as 
Platoma bairdii (Farlow) Kuckuck (1912, p. 202) was transferred to Tsengia by Fan & 
Fan (1962, p. 191), a proposal that seems largely to have been overlooked. 

The post-fertilization development of Platoma cyclocolpum (as Nemastoma 
cervicorne J. Agardh) was described by Berthold (1884, pp. 12, 22, pl. 6, figs 2, 3, 5, 8) 
on the basis of material from Pozzuoli, Bay of Naples, Italy. He found that the 
fertilized carpogonium first establishes a union with proximate subsidiary auxiliary 
cells (“sterilen Auxiliarzelle”) prior to the formation of connecting filaments, and that 
gonimoblasts develop from an auxiliary cell fused with a connecting filament.> This 
pattern is similar to that described subsequently for the type species of Schizymenia, S. 
dubyi (Chauvin ex Duby) J. Agardh, by Ardré (1980). Berthold (/oc. cit.), however, 
makes no mention of gland cells. Feldmann (1942, p. 106) later adopted the absence of 
gland cells (“cellules secrétrices”) as a critical feature of Platoma and thereafter the 
presence or absence of such cells was considered an important taxonomic feature at the 
generic level within the Nemastomataceae (e.g., Kylin, 1956; Dawson, 1961; Fan & 
Fan, 1962; Kraft & John, 1976; Dixon & Irvine, 1977; Womersley & Kraft, 1994). 
The description by Ardré (1980, p. 125, pl. 7, figs 65-67) of what appeared to be 
intercalary gland cells in the cortical fascicles of the type specimen of Halymenia 
cyclocolpa Montagne (the basionym of P. cyclocolpum) from Tenerife, Canary Islands 
(herb, Montagne, Muséum National d'Histoire Naturelle, Paris, PC) largely went 
unnoticed and Platoma continued to be distinguished principally on the basis of the 
presence or absence of gland cells (e.g., Womersley & Kraft, 1994), 

An assessment of the status of Platoma thus requires critical study of the 
generitype, P. cyclocolpum. In the present study the vegetative and reproductive 
features of this species are reassessed on the basis of material recently collected from 
Gran Canaria, Canary Islands. 


MATERIALS AND METHODS 


Plants were collected in the intertidal at Arinaga (27.50°N; 15.20°W), on the 
east coast of Gran Canaria, Canary Is. on 7 October 1993, and were transported live to 
University College, Galway, Ireland. Some were fixed in 4% Formalin in seawater and 
others were dried as herbarium specimens. Released carpospores were inoculated, by 
means of finely-drawn glass capillary pipettes, into drops of Von Stosch-enriched 





‘ma (yc) should, if only for the sake of consistency, be now be treated as neuter and this includes 
both Nemastoma and Platoma. 

The term « subsidiary auxiliary cell» is adopted here instead of « sterilen Auxiliarzelle » to 
distinguish these cells from the more usual type of auxiliary cell (see p. 208 of the Discussion). 
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seawater medium (25% strength; compounded according to Guiry & Cunningham, 
1984) on cover slips (22 x 22 mm) or half-slides (25 x 37 mm) in culture dishes (70 x 
50 mm). The next day, 120-150 ml of medium were added to each dish. Sporelings 
were initially grown at 20°C, 16:8 h LD (light:dark cycle), 12-14 umol photons m° s*, 
Cultures were transferred to various combinations of daylength and temperature: 25°C, 
8:16 h LD; 20°C, 8:16 h LD, 15°C, 16:8 h LD, and 15°C, 8:16 h LD, as necessary. 
Culture media and dishes were changed every two weeks. 

The type material of Halymenia cyclocolpa Montagne was obtained on loan 
from herbarium Montagne, Muséum National d'Histoire Naturelle, Paris (PC). 
Periclinal, longitudinal and transverse sections were made by hand using a double- 
edged razor blade and pith stick, and stained with a mixture of Gurr's cotton blue- 
lactophenol (BDH Chemicals Ltd, Poole, Dorset, U.K.)/glycerol (1:1) and mounted in 
glycerol or 60% Karo® cor syrup (with added sugar). 

Voucher specimens and slides are deposited in the Phycological Herbarium, 
University College, Galway, Ireland (GALW), and in the Herbarium of the Graduate 
School of Science, Hokkaido University, Sapporo, Japan (SAP). 


OBSERVATIONS 


Vegetative morphology of gametophytes 


In lower intertidal pools at Arinaga, Gran Canaria, gametophytes grow on rock 
in low light conditions beneath overhangs. Decumbent thalli arise singly from a 
discoid basal attachment structure, are brownish to liver-red in colour, fleshy, slippery 
but firm in consistency, to 50 mm long and to 60 mm broad. Stipes are absent. Blades 
spread decumbently over the substratum, sometimes become imbricate, are 0.3-0.7 mm 
thick in the terminal portions and 1.2-2.8 mm thick at the proximal portion. Branching 
is irregular with rounded bifurcations 2-3 mm broad at the apices (Figs 1, 2). The 
margins of adjacent branches often fuse with one another (Fig. 3) and adventitious 
proliferations arise from injured (perhaps grazed) thallus margins (Fig. 4). Plants 
adhere firmly to paper when dried. 

Gametophytes are multiaxial (Figs 5, 6). The medulla is composed of loosely 
arranged, irregularly sparingly branched filaments which consist of more or less 
colourless, elongated cells, 7.5-12.5 um wide and 100-450 um long. At the surfaces of 
the thallus, filaments become organised into radially oriented fascicles 10-14 cells deep 
and 4-8 times dichotomously branched; the inner cells of the fascicles are obovate to 
elliptical and 10-25 um wide and 25-40 um broad and become progressively smaller 
outwards; cells at dichotomies are frequently cuneate. Surface cells are elliptical and 
3.0-4.5 um in diameter. Secondary pit-connections do not occur between any of the 
medullary and cortical cells. Adventitious rhizoidal filaments are formed from cortical 
cells; these filaments are well developed and frequently transverse the thallus from 
cortex to cortex. Vegetative hairs are formed on some of the outermost cells of the 
cortex. Intercalary gland cells are borne frequently on cortical filaments (Figs 5-8) and 
sometimes on medullary filaments (Fig. 6); the gland cells are translucent and 
refractive in living material (Figs 5, 7), but become dense, granular and yellowish in 
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Figs. 1-4: Platoma cyclocolpum, Gran Canaria, Canary Is. (7.x.1993). Figs. 1, 2. Habit of voucher 
herbarium specimens (1, SAP 059805; 2, GALW 008759). Fig. 3. Upper margin of a 
Formalin/seawater-preserved specimen; arrows indicate fused portions of branches. Fig. 4 
Adventitious proliferations from damaged (by grazing?) margin of a Formalin/seawater-preserved 
specimen. Scale bars represent: Figs 1, 2, 1 cm; Figs 3, 4, 1 mm. 


Formalin/seawater-preserved material (Fig. 8). They are spherical, ellipsoidal, or 
ovoid in shape and the larger ones are 25-40 um in diameter and 25-50 pm in length 
and stain deeply with cotton blue (Fig. 6). 


Reproductive morphology 


Both sexes are found on each plant. Spermatangial sori are small and are 
formed on the upper surface, mostly near the margins. Spermatangia (3-4 um wide and 
4-5 um long) are subspherical and are cut off in pairs from the outermost cortical cells 
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Figs. 5-9: Platoma cyclocolpum, Gran Canaria, Canary Is. (7.x.1993). Figs 5-8. Longitudinal 
sections of central portions of thalli, showing multiaxial structure and intercalary gland cells 
(arrowheads): Figs. 5, 7, living material; Figs 6, 8, Formalin/seawater-preserved material (6, stained 
with cotton blue-lactophenol; 8, not stained). Fig. 9. Transverse section of the upper portion of 
thallus which form an outermost spermatangial layer (arrowhead). Scale bars represent; Fig. 5, 50 
um; Fig. 6, 100 um; Fig. 7, 30 um; Fig. 8, 20 um; Fig. 9, 10 um. 





(Fig. 9). Outwardly directed carpogonial branches are found throughout the plants 
except at the extreme base; they are three-celled and are formed singly from the basal 
cell (the supporting cell) of cortical fascicles in the inner cortex (Fig. 10), The 
carpogonial branch and its supporting cell stain darkly with cotton blue and thus are 
easily detected. The carpogonium is conical, 4.5-6.0 um wide, narrowing to a long 
trichogyne, 2.5-4.0 um in width. The hypogynous cell is hemispherical to barrel- 
shaped, 7.5-11.0 um wide. The basal cell is barrel-shaped, 10-17 um wide. The two to 
three proximal cells of cortical fascicles borne on the supporting cell also stain darkly 
with cotton blue (Figs 10-12), and sometimes four such cells stain darkly, After 
presumed fertilization, the carpogonium connects with one of the darkly staining 
proximal cells which then cuts off a connecting-filament initial (Fig. 11). The 
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connecting-filament initial produces several connecting filaments in different 
directions (Fig. 12). Another darkly staining proximal cell becomes connected to the 
carpogonium by a secondary pit-connection and forms a connecting-filament initial 
which also produces several, septate connecting filaments 3-6 um in diameter (Fig. 13). 
Additionally, one of supraproximal cells may produce a connecting-filament initial 
(Fig. 13). The darkly staining cells that connect with the carpogonium by direct fusion 
or via secondary pit-connections are essentially subsidiary auxiliary cells. During this 
development the trichogyne disappears and shed trichogyne-like structures are 
sometimes found near the female reproductive apparatus. Other darkly staining cells 
may produce connecting filaments, but at this stage so many cells are involved that 
resolution of every detail is impossible. 

Connecting filaments fuse with auxiliary cells, which are transformed from the 
basal cells of cortical fascicles other than those that bear the carpogonial branches, and 
grow onwards to another auxiliary cell (Figs 14-16). The auxiliary cells that have fused 
with connecting filaments produce an outwardly directed gonimoblast initial (Fig. 14). 
The gonimoblast initial divides to form several cells which again branch repeatedly 
(Figs 15, 16). As the carposporophyte develops, the proximal one or two cells of the 
cortical fascicles on the auxiliary cell become larger, elongate and arch around the 
carposporophyte (Fig. 16), and the basal cell of the carposporophyte (the gonimoblast 
initial) becomes columnar (Fig. 16). All cells of the carposporophyte, except for the 
basal cell, develop into spherical carposporangia 15-20 um in diameter. Mature 
carposporophytes are subspherical, 150-200 um in diameter and are embedded in the 
cortex (Fig. 17). Carpospores are released through a gap in the cortical fascicles and 
no true ostiole is developed. The surface of the thallus in the area of carposporophyte 
formation does not form a depression. 


Typification of Halymenia cyclocolpa Montagne 


The type material of Halymenia cyclocolpa in Herb. Montagne (PC) is labelled: 
“Halymenia multifida Montag./ Platoma Schousb./ voir "herb. de M. Webb/ Canaria, 
Teneriffe”. The sheet includes a contemporary drawing (labelled “H. multifida’” and 
“Halymenia cyclocolpa” and two specimens in an envelope: one is mounted on mica 
(Fig. 18) and the other is in a smaller envelope (Fig. 19). Both are fragments of foliose 
thalli. Longitudinal sections of small portions of these specimens were made. The 
fragment on mica is very faded and has a loosely arranged filamentous medulla 
corresponding with the drawing: the cortical cells are arranged in fascicles (Fig. 20). 
Gland cells are intercalary on cortical fascicles and outwardly developing gonimoblasts 
are present in the cortex (Fig. 20). The other specimen, however, has retained its red 
colour and has a tightly packed medulla and cortex, but its carposporophytes are 
sunken in the medulla (Fig. 21), there are sterile cells separating groups of 
carposporangia, and the blade is swollen in the area of carposporangial formation. The 
cortex is not fasciculate and just below it there is a layer of spherical cells. There are 





6 t appears that Montagne may initially have intended to use Schousboe's unpublished specific 
epithet “multifida” but subsequently changed his mind and employed “eyclocolpa”. 
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thus two quite different plants included in the type material and one of these clearly has 
features that are not those of an alga referable to the Nemastomataceae. 

As to type materials, therefore, Halymenia cyclocolpa Montagne seems to be 
heterogeneous. In his description, Montagne (1841, p. 163) refers to two collections: 
the first was material collected by P. B. Webb “in littore Teneriffae” and the other 
collected at Tangier by P.-K.-A. Schousboe’. In his description, however, it is quite 
clear that Montagne was describing a plant very similar to that on mica: “Radix callus 
exiguus. Frons carnoso-membranacea, valde gelatinosa, e basi attenuata filiformi 
brevissima mox in laminam expansa circumscriptione ovalem aut semiorbicularem.. 
planam, irregulariter subdichotomam...”. The accompanying drawing (PC-MS 446- 
278) is clearly of the specimen on mica as it shows fascicles of cortical cells and a 
mature carposporophyte in the cortex. As the specimen on mica (Fig. 18) accords with 
the description we hereby select it as the lectotype of Halymenia cyclocolpa Montagne 
(PC-MA 14293). 





Carpospore development 
Liberated carpospores were spherical, light red in colour and 12.5-20.0 um 
in diameter (Figs 22-24); they attached firmly to the substratum and divided into two to 
four cells within 2 d (Figs 25, 26) at 20°C, 16:8 h LD. Various germling shapes were 
produced: from compact crusts to creeping, loosely aggregated filaments with many 
intermediates (Figs 27-30). These germlings grew rapidly and reached 700-1000 um in 
diameter after 4 weeks (Figs 31, 32). These four-week-old plants were divided into 
four groups of which three were transferred to 15°C, 8:16 h, 15°C, 16:8 h, and 20°C, 
8:16 h. One group was maintained at 20°C, 16:8 h as a control. Further plants were 
transferred to 25°C, 8:16 h about two months later. 
Plants grew well at all these culture conditions and the majority of creeping, 
loosely aggregated filamentous germlings gave rise to tightly coherent crusts, but some 
remained loosely aggregated (Fig. 33), and these latter plants showed an anti-clockwise 


Figs. 10-13: Platoma cyclocolpum, Gran Canaria, Canary Is, (7.x.1993). All transverse sections of 
Formalin/seawater-preserved specimens and stained with cotton blue/lactophenol. Peripheral 
portions of darkly staining cells other than carpogonial branches (the supporting cell and proximal 
two or three layers of the cortical fascicles borne on the former) are dotted. Fig. 10. Three-celled 
carpogonial branch. Fig. 11. Fusion between the carpogonium and one of darkly staining cells which 
is cutting off a connecting-filament initial and thus is confirmed as a subsidiary auxiliary cell. Fig. 
12. Three connecting filaments developing from the connecting-filament initial; one cortical fascicle 
is not shown. Fig, 13. More advanced stage of the production of connecting filaments; a further 
subsidiary auxiliary cell united with the carpogonium by a secondary pit-connection is forming four 
connecting filaments. An arrowhead indicates a probable connecting-filament initial. b, basal cell; e, 
carpogonium; cf, connecting filament; cfi, connecting-filament initial; h, hypogynous cell; sac, 
subsidiary auxiliary cell; sc, supporting cell; t, trichogyne. Scale bars represent 10 pm. 








7 P.-K.-A. Schousboe in an unpublished manuscript (see Bornet 1892, p. 165-6) named this material 
as the type of a new genus Platoma (as Platoma multifida Schousboe, a nomen nudum); the genus 
name Platoma was a nomen nudum until Schmitz (1894, p. 627) validated it. 
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Figs. 14-17: Platoma cyclocolpum, Gran Canaria, Canary Is. (7.x.1993). All transverse sections 
Figs. 14-16, Formalin/seawater-preserved specimens and stained with cotton blue-lactophenol; Fig 
17, living material. Fig. 14. Auxiliary cell united with a connecting filament bearing gonimoblast 
initial (arrowhead). Fig. 15. Three gonimoblast cells developing from the auxiliary cell. Fig. 16. 
More advanced stage of gonimoblast development; arrowhead indicates an elongated basal cell, 
arrow indicates an elongated proximal cell of the cortical fascicle arching around the 
carposporophyte. Fig. 17. Mature carposporophyte. ac, auxiliary cell. cf, connecting filament; Scale 
bars represent: Figs. 14-16, 10 pm: Fig. 17, 30 um. 
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Figs 19-21. Type material of Halymenia cyclocolpa Montagne deposited in PC. Fig. 18. Lectotype 
specimen designated in this paper and mounted on mica (PC-MA 14293). Fig. 19. Fragment of 
another foliose specimen in a small paper envelope. Fig. 20. Longitudinal section of the lectotype. 
Note loosely arranged cortical fascicles and outwardly directed gonimoblasts within the cortex. Fig. 
21. Longitudinal section of the specimen shown in Fig. 19. Note tightly packed cortex and deeply 
sunken gonimoblasts in the medulla. Scale bars represent: Figs 18, 19, 1 cm; Figs 20, 21, 50 pm. 


growth pattern. Three-month-old plants were up to 5 mm in diameter and 6-7 layers in 
thickness (a single-layered hypothallium and a 5-6-layered perithallium) (Fig. 34). At 
eight months plants at 25°C, 8:16 h, were 13 mm in diameter and 7-8 layers in 
maximum thickness. These plants had neither gland cells nor refractive cell inclusions, 
although some larger, more densely staining terminal cells were observed. No 
secondary pit-connections were found between any of the cells in either the 
hypothallium or the perithallium. No reproductive structures were formed at any of the 
daylength and temperature combinations. Rhizoids formed from the hypothallial cells 
in areas where the crustose plants became detached, and these eventually reattached the 
plants. 


DISCUSSION 
The type material of Halymenia cyclocolpa includes two disparate elements: a 


portion of a specimen on mica and a fragment in a small paper envelope. The material 
on mica agrees with the original description and with pencilled drawings 
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Figs 22-30. Platoma cyclocolpum, Gran Canaria, Canary Is. (7.x.1993). All living material. Figs 22- 
24. Released carpospores. Figs 25, 26. Two-day-old carposporelings at 20°C, 16:8 h LD. Figs 27-30. 
Seven-day-old carposporelings at 20°C, 16:8 h LD. Scale bar represents 10 um. 


accompanying the type sheet and it is herewith designated the lectotype of Halymenia 
cyclocolpa Montagne (1841, p. 163). Our specimens collected from Gran Canaria are 
identical to the lectotype specimen of Halymenia cyclocolpa in thallus structure, 
position of gland cells, and location of the developing gonimoblasts. Furthermore, the 
fragment on mica is very similar in gross morphology to parts of our specimens and 
corresponds in most respects with the original description. The identity of the other 
specimen is doubtful but it may represent a foliose alga of the family Kallymeniaceae. 
Our observations of female reproductive structures and the post-fertilization 
development of Platoma cyclocolpum from the Canary Is. may be summarised as 
follows: 1) a three-celled carpogonial branch is formed on the basal cell (the supporting 
cell) of the cortical fascicles; 2) the fertilized carpogonium first connects with nearby 
subsidiary auxiliary cells, which are several nearby cells of the cortical fascicles 
formed on the supporting cell; 3) a number of connecting filaments are cut off from 
these subsidiary auxiliary cells and fuse with auxiliary cells, which are situated in the 
corresponding position to the supporting cell; 4) auxiliary cells that have fused with a 
connecting filament cut off a gonimoblast initial outwards; 5) the gonimoblast initial is 
divided into several cells that become repeatedly branched and form a 
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Figs 31-34, Platoma cyclocolpum, Gran Canaria, Canary Is, (7.x.1993). Living material unless 
otherwise indicated. Figs 31, 32. Four-week-old tetrasporophytes cultured at 20°C, 16:8 h LD: 
tightly coherent crustose plant (Fig. 31) and loosely aggregated plant (Fig. 32). Fig. 33. Three- 
month-old tetrasporophytes (two months after transfer from 20°C, 16:8 h LD to 20°C, 8:16 h LD). 
Fig. 34. Tangential section of a three-month-old crustose tetrasporophyte (stained with cotton blue- 
lactophenol). Scale bars represent: Figs 31, 32, 200 um; Fig. 33, 4 um; Fig. 34, 20 um. 


carposporophyte; 6) almost all cells of the carposporophyte are transformed into 
carposporangia and cortical fascicles on the auxiliary cell develop into an involucre- 
like structure; 7) carpospores are released through a gap in the cortical fascicles. These 
features accord in most respects with Berthold’s (1884, pp. 12, 22, pl. 6, figs 2, 3, 5,8 
as Nemastoma cervicorne) description of material from the Gulf of Naples. However, 
his illustrations (Berthold, 1884, pl. 4, figs 1, 2) indicate plants quite different in gross 
morphology to our Gran Canarian specimens, as they are foliose, profusely and 
regularly branched plants in contrast to our sparingly and irregularly branched, 
decumbent, imbricate plants. Further study is thus needed to establish whether 
Platoma cyclocolpum and Nemastoma cervicorne are indeed conspecific as concluded 
by various authors. Athanasiadis (1987, p. 53) recently reported Platoma cyclocolpum 
from the Aegean Sea, but his material apparently lacks intercalary gland cells. The 
specific and generic status of this alga require further studies of its female reproductive 
structure and post-fertilization development. 
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Of the species currently included in Platoma, only two species, recently 
described from southern Australia, P. australicum and P. foliosum, are known to 
possess darkly staining cells adjacent to the carpogonial branch (Womersley & Kraft, 
1994, p. 152, 153). Although Womersley & Kraft (loc. cit.) did not observe any 
connections between the carpogonium and these darkly staining cells, they may be 
subsudiary auxiliary cells as found in P. cyclocolpum. Subsidiary auxiliary cells have 
not been reported for any of the other putative species of Platoma. Post-fertilization 
development of these species thus requires critical investigation in order to clarify their 
generic status. Our observations on the post-fertilization development of P. 
cyclocolpum indicate that carpogonial branches and advanced stages forming many 
connecting filaments are more frequent than early post-fertilization development stages 
(primary fusion and secondary connection between the carpogonium and subsidiary 
auxiliary cells), which strongly suggests that post-fertilization development proceeds 
very rapidly. This may be the reason why there are very few details of post- 
fertilization development in other species of Platoma. 

Although the genus Platoma is characterised by the above-mentioned 
reproductive features, the frequent occurrence of intercalary gland cells in the cortical 
fascicles is also a critical diagnostic feature; such intercalary gland cells have not been 
reported for other species of Platoma. However, P. izunosimense from Japan may also 
have such gland cells. Segawa (1938, p. 144) does not specifically mention gland cells 
in his descriptions; however, he does say: "In almost all the material, very frequently, 
ovate and brilliantly yellowish cells are seen in the cortical layer. They are the 
innermost cells of the cortical cell-series. Though there is some question, they may be 
auxiliary cell." These intercalary, ovate and brilliantly yellowish cells are probably 
gland cells as those of P. cyclocolpum also become yellowish when preserved in 
formalin/seawater, Such yellowish, granular, intercalary gland cells occur in 
Titanophora submarina Bucher et Norris (1992). However, Womersley & Kraft (1994), 
describing two new Australian species of Platoma that lack gland cells, claimed, in 
agreement presumably with Feldmann (1942), Kylin (1956) and others, that the 
absence of gland cells was an important generic feature of Platoma. Further study of 
these and other species is now needed to establish whether or not gland cells are a 
specific or a generic character in the Nemastomataceae, as although some species of 
Titanophora have gland cells, others do not (Bucher & Norris, 1992, table 2). In 
Schizymenia dubyi from the British Isles, Dixon & Irvine (1977, p. 177) found that 
“only a minority of specimens” have gland cells, an observation disputed by Ardré 
(1980) and DeCew er al. (1992) who found them to be abundant in all specimens 
examined. Nevertheless, it is clear that gland cells are in certain circumstances 
difficult to observe and conclusions based on their presence or absence as a character 
must be treated with caution. 

Critical taxonomic features of seven known genera of the family 
Nemastomataceae are given in Table I. A particular problem exists with regard to 
connecting filaments of the generitype of Nemastoma, N. dichotomum J. Agardh: 
Berthold (1884, pl. 6, figs 9-11, 14) clearly shows connecting filaments fusing with 
auxiliary cells and issuing gonimoblasts; Athanasiadis (1988), on the other hand, 
reports that gonimoblasts directly develop from an auxiliary cell that is not fused with 
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Table 1. A comparison of morphological and reproductive features of the genera of the Nemastomataceae 







































































Adelophycus | Nemastoma Platoma Predaea Schizymenia | Titanophora Tsengia 
Gland cells terminal terminal intercalary | intercalary or terminal intercalary absent 
absent 
Calcification absent absent absent absent absent present absent 
Position of cortical fascicle | adventitious [cortical fascicle [cortical fascicle [cortical fascicle [cortical fascicle [cortical fascicle 
supporting cell filament 
Sterile-cell branchlet no no no yes/no yes no no 
n carpogonial branch? 
Position of adventitious | adventitious [conical fascicle [cortical fascicle [cortical fascicle [cortical fascicle [cortical fascicle 
auxiliary cell filament filament E 
Subsidiary no no yes o yes probably no 3 
auxiliary cells? g 
rigin of gonimoblast | connecting connecting | auxiliary cell auxiliary cell or | auxiliary cell | auxiliary cell | auxiliary cell > 
filament filament connecting g 
filament e 
Direction of = 
gonimoblast inwards outwards outwards outwards outwards outwards outwards 2 
development z 
Nutritive cells? no no no yes no no no = 
Tetrasporophyte unknown unknown crustose crustose or crustose unknown cruciate 
filamentous 
‘Secondary pit not applicable | not applicable absent absent present not applicable | not applicable 
connections in 
crustose phase 
Cleavage of unknown unknown unknown zonate zonate unknown cruciate 
tetrasporangia 
Reference(s) Kraft 1975 [Berthold 1884; | present paper [Kraft & Abbot | Ardré1980 | Mshigeni& Fan & Fan 1962 
Athanasiadis 1971; Kraft Papenfuss 
1988 1984; Millar & 1980; Bucher Y 
Guiry 1989 & Norris 1992 3 





Source : MNHN, Paris 


206 M. MASUDA and M.D. GUIRY 


a connecting filament and concludes that his material (from Sithonia, north Aegean 
Sea, Greece) may be apomictic. Further studies are required to clarify these 
observations. 

Platoma and Nemastoma have been variously distinguished by previous 
investigators (Kylin, 1932, 1956; Feldmann, 1942; Kraft & John, 1976) but, in our 
opinion, can be most clearly separated by the position of supporting cell and auxiliary 
cell, the presence or absence of subsidiary auxiliary cells, and the origin of 
gonimoblasts as previously described by Berthold (1884, pp. 12, 22-23, pl. 6, figs 1- 
14). To these characters should be added one in relation to the position of formation of 
the gland cells. Contrary to the opinions of various authors (e.g., Feldmann, 1942; 
Kylin, 1956; Kraft & John, 1976) who doubt the occurrence of such cells in species of 
Platoma, the mode of origin (in terminal position in Nemastoma species and in 
intercalary position in Plaroma species) is a valuable distinguishing character. 

Adelophycus and Nemastoma are more closely related than previously 
appreciated (Table I), The former genus is characterised by the possession of 
adventitious auxiliary-cell-bearing rhizoidal filaments, although the supporting cells 
are intercalary on ordinary cortical fascicles (Kraft, 1975, as Adelophyton). 
Nemastoma has similar filaments, and the supporting cells are also intercalary on such 
filaments (Berthold, 1884; Athanasiadis, 1988). It should be stressed that adventitious 
thizoidal filaments are also abundant in our material of Platoma cyclocolpum and 
transverse the thallus in a very characteristic manner, but are always sterile. These 
filaments are probably homologous with the reproductive rhizoidal filaments of 
Adelophycus and Nemastoma. The production of reproductive cells on such filaments 
may show the shift of reproductive ability from ordinary cortical fascicles to 
adventitious filaments (or from adventitious filaments to ordinary cortical fascicles), 
partially in Adelophycus and fully in Nemastoma. 

The reproductive features of Nemastoma species other than N. dichotomum are 
poorly known and should be re-examined. Nemastoma confusum Kraft et D. John 
(1976) is apparently not a member of this genus, since its supporting cells and auxiliary 
cells are transformed from the basal cell of cortical fascicles and the gonimoblast is 
initiated directly from the auxiliary cell. These features and the intercalary position of 
its gland cells ally Nemastoma confusum with Platoma cyclocolpum. The mode of 
initiation of connecting filaments of N. confusum, however, needs to be clarified prior 
to any generic repositioning of this species. Carpogonial branches of N. canariense 
(Kützing) J. Agardh are borne on a supporting cell that is intercalary on ordinary 
cortical fascicles (Børgesen, 1929, p. 11), suggesting that this species may be more 
closely related to Adelophycus than to Nemastoma. 

Now that a more precise definition of Platoma is possible, it is clear that it is 
very closely related to Schizymenia. We consider that the presence of sterile branchlets 
on the carpogonial branches in Schizymenia and their absence in Platoma a sufficiently 
clear reproductive character to distinguish these genera. Additionally, the position of 
gland cells is different: terminal on cortical fascicles in Schizymenia and intercalary in 
the cortical fascicles of Platoma (Table 1); shape differences may also be important as 
the gland cells of Platoma cyclocolpum are 1-2 longer than broad whilst those of 
Schizymenia dubyi are generally 2-4 times (Dixon & Irvine, 1977, p. 176; Ardré, 1980, 
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fig. 15). Other than the characters shown in Table I, some authors have adopted 
features such as the consistency of the erect thalli (coriaceous vs. mucilaginous; e.g., 
Dawson, 1961), and the position of the ostiole above each carposporophyte (depressed 
ys. not depressed; Womersley & Kraft, 1994), Neither of these criteria now seem 
particularly relevant in terms of the type species of the respective genera. 

A heteromorphic-type life history (Bonnemaisonia hamifera-type; Dixon 1982) 
is known in two species of Schizymenia, S. dubyi from Europe (Ardré, 1980) and Japan 
(Migita & Kawamura, 1980) and S. pacifica (Kylin) Kylin' from North America 
(DeCew er al., 1992a). These species have crustose tetrasporophytes formerly referred 
to Haematocelis rubens J. Agardh. The Haematocelis-phase tetrasporophytes of 
Schizymenia are vegetatively characterised by the presence of secondary pit- 
connections between adjacent cells (Ardré, 1980), whereas crustose P. cyclocolpum 
plants derived from carpospores lack such connections. The Haematocelis-phase 
tetrasporophytes of Schizymenia are further characterised by the presence of refractive, 
spherical cell inclusions (Ardré, 1970, 1977; Cormaci et al., 1976) which may be the 
result of special secondary metabolite synthesis. The supposed tetrasporophytes of P. 
cyclocolpum, however, do not produce such cell inclusions. Clearly, therefore, 
Platoma cyclocolpum and Schizymenia dubyi are sufficiently different in gametophytic 
and tetrasporophytic characters to be included in two separate genera. 

Although foliose tetrasporophytes of Schizymenia species have been reported in 
Europe (e.g., Crouan & Crouan, 1867, fig. 92; Newton, 1931, p. 281), Japan (Okamura, 
1933b) and Pacific North America (Abbott, 1967), these records are probably entirely 
due to misidentifications of similar blade-like algae. The European records were 
largely rejected by Ardré (1977) and Dixon & Irvine (1977) and those from Pacific 
North America by DeCew et al. (1992a). It is relevant in this regard to note that gland 
cells of Schizymenia species are sometimes divided or fractured zonately or irregularly 
in a similar manner to tetrasporangia in herbarium specimens as we have found in 
plants from Monterey, California (leg. M. D. Guiry, 13.vii.1976; GALW 002452; 
Masuda & Guiry, unpubl. obs.). Such divided or fractured gland cells are also reported 
for Opuntiella californica (Farlow) Kylin (DeCew et al., 1992b), a species from the 
Pacific coast of North America, and may have been mistaken for tetrasporangia. 

The genus Predaea is characterised by the production of small nutritive cells 
[originally termed “cellules nourricières” by Feldmann (1942, p. 109)] from cells 
adjacent to the auxiliary cell. The genus includes some 13 species (Millar & Guiry, 
1989; Verlaque, 1990), and two groups of species are apparent: 1) those in which the 
gonimoblast originates from an auxiliary cell; 2) those in which the gonimoblast 
originates from a connecting filament at a point near that of its union with the auxiliary 
cell (Kraft & Abbott, 1971; Millar & Guiry, 1989). Although Predaea ollivieri J. 
Feldmann from the Mediterranean was described (Kraft & Abbott, 1971) as possessing 
both types of gonimoblast initiation, this observation was in error (Kraft in 
Athanasiadis, 1988, p. 30) being due to: “a mistake or the result of observations on 











8 DeCew et al. (1992a) all but conclude that there are no grounds upon which S. pacífica can be 
distinguished from S. dubyi and although plants may be larger in the Pacific, this is not reasonable 
grounds for species separation. 
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another species [Predaea pusilla (Berthold) J. Feldmann?] being mixed in the material 
examined". The taxonomic significance of two such types of gonimoblast initiation in 
a single genus now requires reinvestigation and a segregate genus may be necessary. 

The post-fertilization development of Titanophora, which is characterised as 
having calcified thalli (Feldmann, 1942), is very poorly known. The “two to four large 
deeply-staining cells” reported by Mshigeni & Papenfuss (1980, p. 787) associated 
with the carpogonial branch of T. weberae Børgesen from Tanzania, are probably 
homologous with the subsidiary auxiliary cells of Platoma and Schizymenia and have 
been described as “subsidiary cells” by Bucher & Norris (1992). These cells have not 
been described for the generitype T. pikeana (Dickie) J. Feldmann. The development 
of an involucre around the carposporophytes of some species of Titanophora (Mshigeni 
& Papenfuss, 1980; Bucher & Norris, 1992) is very similar to that found in Platoma 
cyclocolpum but such an involucre seems to be absent in Schizymenia dubyi. In 
Titanophora, the possibility that calcification with aragonite is not the unifying 
character it is claimed to be should be examined. 

Although the genus Tsengia was established by Fan & Fan in 1962, its 
existence was not widely realised until recently. It was originally characterised as ; 1) 
lacking gland cells; 2) having an auxiliary cell transformed from the basal cell of 
cortical fascicles; 3) forming connecting filaments from the fertilized carpogo cell. 
nium; 4) having a carpogonium and trichogyne that lie at right angles to the first two 
cells of the carpogonial branch; and, 5) having a gonimoblast directly originating from 
auxiliary cells. Two species, T. nakamurae (Yendo) K. C. Fan et Y. P. Fan and 7. 
bairdii (Farlow) K. C. Fan et Y. P. Fan were originally included in the genus (Fan & 
Fan, 1962). In addition to these diagnostic features, the occurrence of isomorphic 
gametophytes and tetrasporophytes is also considered to be a critical feature 
(Womersley & Kraft, 1994). This genus may ultimately accommodate further species 
presently placed in other genera of the Nemastomataceae. Womersley & Kraft (1994) 
recently proposed the transfer to Tsengia of three southern Australian species 
previously placed in Nemastoma. 

Two further species can be added to these. Nemastoma lancifolium Okamura 
(1933a, p. 5) from Japan is clearly a species of Tsengia’. Kawashima (1957) reported 
its female reproductive structures and post-fertilization development as follows 
(translated from the Japanese): “Carpogonial branches with small carpogonia are 
usually three-celled and rarely two- or four-celled. Trichogynes are coiled near the 
proximal portion. After fertilization carpogonia enlarge and produce 2-4 protuberances 
from which septate or non-septate, branched connecting filaments arise. The 
connecting filaments contact with auxiliary cells, which are evident before union, 
growing towards other auxiliary cells and unite with them. Gonimoblasts develop from 
auxiliary cells.” This species possesses isomorphic gametophytes and tetrasporophytes, 
and the tetrasporangia have cruciately arranged spores (Okamura 1933a; Kawashima 
1957). Similarly, Nemastoma pulchrum Baardseth (1941, p. 65) described from Tristan 


9 Tsengia lancifolia (Okamura) Masuda et Guiry comb. nov. Basionym: Nemastoma lancifolium 
(as lancifolia) Okamura, Icones of Japanese Algae Vol. 7: 5, pl. 303, figs 1-3, 1933 
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Da Cunha is a species of Tsengia, as it has isomorphic gametophytes and 
tetrasporophytes” 

In conclusion, we are entirely in agreement with Womersley & Kraft (1994, p. 
145) that the seven genera presently ascribed to the Nemastomataceae can be divided 
into two radically different groups: 1) the Nemastoma group comprising: Nemastoma, 
Adelophycus, Tsengia and Predaea, lacking subsidiary auxiliary cells (connecting 
filaments developing directly from fertilized carpogonia); and, 2) the Schizymenia 
group comprising Schizymenia, Platoma, and Titanophora having subsidiary auxiliary 
cells. These two groups may also differ in having filamentous, or loosely coherent, 
crustose tetrasporophytes in the Nemastoma group and strongly coherent, crustose 
tetrasporophytes in the Schizymenia group. It is probable that the two groups may 
ultimately be included in separate families, as also suggested by G.T. Kraft (pers. 
comm.). 
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MORFOLOGIA DE DIPLOMENORA COCCONEIFORMA 
(SCHMIDT) BLAZE (BACILLARIOPHYCEAE) 
DE LAS AGUAS MARINAS DE CHILE 


Oscar ROMERO y Patricio RIVERA 


Departamento de Botánica, Universidad de Concepción, 
Casilla 2407, Concepción, Chile, 


RESUMEN - Se señala por primera vez para las aguas marinas costeras de Chile a Diplomenora 
cocconeiforma (Schmidt) Blazé (Bacillariophyceae). El material chileno presenta algunas diferencias 
morfológicas con respecto a células de otras localidades: contorno valvar, número de rimoportulae y 
ornamentación del cingulum. Se discuten las afinidades de esta especie con algunos taxa morfoló- 
gicamente similares. 


ABSTRACT - Diplomenora cocconeiforma (Schmidt) Blazé is cited for the first time for chilean 
marine waters. Morphological differences were found with cells from other localities: valve outline, 
number of rimoportulae and omamentation of the cingulum. The affinities of this species with some 
morphologically similar taxa are discussed. 


INTRODUCCION 


Las diatomeas (Bacillariophyceae) bentónicas de Chile son poco conocidas. La 
mayor parte de los estudios relacionados con la flora diatomológica del país se 
relacionan con el fitoplancton (Rivera, 1983; Rivera ef al., 1989), excepto la revisión 
realizada por Rivera (1974) sobre las diatomeas epífitas en Gracilaria verrucosa 
(Papenfuss) Hudson, Algunas diatomeas epipsámmicas aparecen citadas o descritas en 
varias obras por ser integrantes ocasionales del fitoplancton (Rivera, 1983; Andrews & 
Rivera, 1987; Rivera et al., 1989). 

El género Diplomenora fue propuesto por Blazé (1984). Hasta el momento D. 
cocconeiforma es la única especie asignada al género Diplomenora (Schmidt) Blazé. 
Esta diatomea se caracteriza por presentar valvas con contorno circular o subcircular, 
un número variable de rimoportulae y aréolas con oclusión bilateral. Originalmente, 
Schmidt (1878) asignó D. cocconeiforma al género Coscinodiscus Ehrenberg (C. 
cocconeiformis Schmidt), sin entregar descripción de esta diatomea, siendo Rattray 
(1889) quien posteriormente la describió. 

En el presente trabajo se describe Diplomenora cocconeiforma (Schmidt) Blazé 
a partir de material viviente recolectado en aguas marinas de la zona norte de Chile. Se 
reconocen algunas diferencias con el material estudiado por Blazé (1984) en cuanto al 
contorno valvar, número de rimoportulae y ornamentación del cingulum. Se 
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complementa la información acerca del cingulum y se discute las afinidades del género 
Diplomenora con el resto de los integrantes del orden Rhaphoneidales Round. 


MATERIALES Y METODOS 


El material estudiado fue recolectado en la costa de Caldera (27°04'S-70°S0'W) 
y Calderilla (27*05'S-70*50'W), Chile, en junio de 1978. Las muestras se hallan 
depositadas en la colección de diatomeas del Departamento de Botánica, Universidad 
de Concepción, bajo la sigla DIAT-CONC M 1202 y 1203. El material recolectado en 
Chile fue comparado con el contenido en las siguientes preparaciones, facilitados en 
préstamo por el Natural History Museum, Londres: T. Comber Collection, N° 1149. 
Bass Str., Challenger, St. 162. T. Comber Collection, N° 1150. Bass Str., Challenger, 
St. 162. T. W. Payne Collection, N° 5605 (como Coscinodiscus cocconeiformis) 
Caloundra, Queesland, Este material también fue estudiado por Blazé (1984). 

Las muestras fueron tratadas según la metodología propuesta por Hasle & 
Fryxell (1970). Los ejemplares fueron observados y fotografiados con un 
Fotomicroscopio III Zeiss y con un microscopio electrónico de barrido ETEC Autoscan 
U-1. 

La descripción del taxon se realizó sobre la base de la terminología sugerida por 
Anonymous (1975), von Stosch (1975) y Ross et al. (1979). 


RESULTADOS 


Sobre la base de las características observadas en el material chileno, se 
presenta la siguiente descripción específica: 


Diplomenora cocconeiforma (Schmidt) Blazé (Figs. 1-13) 


Frústulos discoidales (Fig. 1). Cada cingulum está forma do por 3-5 bandas 
abiertas, que disminuyen en ancho en dirección abvalvar (Fig. 2); valvocópula y bandas 
provistas con un anillo de aréolas, 18-19 en 10 jm, ubicadas cerca del lado advalvar 
(Fig. 3); gula prominente (Fig. 2). 

Valvas circulares, subcirculares o algo romboidales (Figs. 4-6), eje mayor: 29- 
49.5 um, eje menor: 25-47.5 pm; superficie valvar plana (Fig. 1), la cara interna 
provista de costillas radiales (Fig. 7); manto valvar pronunciado, grande (Fig. 3). 
Sternum lineal a lineal lanceolado, a veces muy angosto (Figs. 5, 6). 

Estrías radiales, curvadas (Figs. 5, 6), 6-8 en 10 um en el margen y 7-10 hacia 
la mitad de la valva; en el margen aparecen algunas estrías más cortas, que sólo 
alcanzan hasta el tercio medio de la valva (Figs. 3, 5, 6). 

Aréolas circulares a subrectangulares (Figs. 7, 8), 6-10 en 10 um, aumentando 
levemente de tamaño desde el margen hacia el sternum (Figs. 3, 8, 9); ocluídas 
externamente por rotae provistas de 2-4 puentes silícicos (Figs. 3, 8). Las aréolas del 
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manto son notoriamente más pequeñas (Figs. 1, 3), 12-13 en 10 um, y terminan alejadas 
del borde la valva (Fig. 3). 

En cada extremo del sternum se encuentra un grupo de aréolas, diferentes a las 
restantes por tamaño, estructura y orientación (Figs. 5, 6, 8, 9). Estas aréolas son muy 
pequeñas (30-35 en 10 jm), externamente de contorno cuadrangular, ocluídas por rotae 
provistas de un puente silícico, dispuestas en forma de "ues” concéntricas (Fig. 8); 
internamente son circulares (Fig. 9). 

6 a 13 rimoportulae forman un anillo submarginal, nunca situadas en el grupo 
de aréolas del eje mayor de la valva (Figs. 5, 6); separación entre las rimoportulae 
equivalente a 2-6 estrías (Figs. 5, 6). Rimoportulae con abertura externa simple, 
alargada (Figs. 3, 8); internamente presentan un pie corto (Fig. 11) y se abren en dos 
aberturas longitudinales (procesos mellizos) (Fig. 10, 12, 13); generalmente orientados 
según la dirección de las estrías (Figs. 5), aunque a veces aparecen algo oblicuas (Fig. 
10). 

Número, forma y disposición de los cloroplastos no estudiado, 

Como hasta la fecha no ha sido indicado el holotipo de la especie, designamos 
la figura N° 26, lámina 58 de Schmidt (1878) como el lectotipo de D. cocconeiforma 
(Schmidt) Blazé, 


DISCUSION 


D. cocconeiforma constituye un nuevo registro para las aguas marinas del 
Pacífico Suroriental y el Atlántico Sudoccidental (Rivera, 1983; Ferrario $: Galván, 
1989; Rivera et al., 1989). 

Los ejemplares de la costa chilena presentan algunas diferencias con el material 
estudiado por Blazé (1984), con la descripción genérica realizada por Round et al. 
(1990) y con el material depositado en el Natural History Museum, Londres (Fig, 4). 
Estas diferencias se relacionan con el contorno valvar, el número de rimoportulae y la 
ornamentación de las bandas del cingulum. 

Muchas valvas no son completamente circulares (la relación entre el eje mayor 
y el menor varió de 1.02 a 1.19) y se reconocieron varios ejemplares con valvas 
romboidales. El número de rimoportulae en las valvas recolectadas en Caldera y 
Calderilla varió entre 6 y 13, mientras que Blazé (1984) señala 2 a 9 en el material del 
Natural History Museum y Round er al. (1990) 1 a 10. En el material del Natural 
History Museum observado en el presente estudio solo se encontraron 4 a 9 
rimoportulae por valva (Fig. 4), En el material chileno, la abertura interna del proceso 
labiado se orienta paralelamente a las estrías, aunque también algunas se disponen 
oblicuamente. Considerando que la posición de las rimoportulae de una mitad de la 
valva no es simétrica con respecto a la de la otra mitad, ni el número de una mitad es 
igual al de la otra, Diplomenora cocconeiforma no presenta simetría estrictamente 
bilateral, como lo afirma Blazé (1984). Finalmente, en el material estudiado por Blazé 
(1984), la ornamentación de las bandas del cingulum consiste en una serie de pequeñas 
aréolas, reunidas en grupos, situación muy diferente a lo observado en los frústulos de 
la costa chilena. 
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Round et al. (1990) afirman que los géneros Diplomenora (Schmidt) Blazé, 
Rhaphoneis Ehrenberg, Adoneis Andrews et Rivera, Delphineis Andrews, Neo- 
delphineis Takano, Perissonoe Andrews et Stoelzel y Sceptroneis Ehrenberg forman un 
grupo discreto, incluyendo esos géneros en la familia Rhaphoneidaceae Forti, orden 
Rhaphoneidales Round. La mayor parte de esos géneros habia sido incluido por 
Simonsen (1979) en la familia Diatomaceae. Una de las características del orden es la 
presencia de una sola rimoportula en los ápices de las valvas, raramente en la periferia. 
Diplomenora difiere del resto de los géneros incluidos en este orden porque sus valvas 
tienen un mayor número de rimoportulae, y la rimoportula más cercana al extremo del 
eje mayor (área de aréolas) está separada de el al menos por una estría. Todos los 
géneros mencionados son bi, tri o tetrapolares, isopolares (Diplomenora, Rhaphoneis, 
Adoneis, Delphineis, Neodelphineis y Perissonoe) 0 heteropolares — (Sceptroneis), 
aunque la bipolaridad en Diplomenora es menos evidente que en Rhaphoneis o Adoneis 
según lo comentado anteriormente. Además, solamente en Diplomenora se reconoce un 
área de aréolas más pequeñas, con rotae, en los extremos del eje mayor, ya que en el 
resto de los géneros considerados puede observarse un área de poros apicales 
(Rhaponeis, Sceptroneis y Adoneis), un pequeño poro (Neodelphineis) o ningun tipo de 
perforación en los ápices (Delphineis). Las aréolas apicales de Perissonoe no 
presentarían vela (Round et al., 1990), lo cual fue denominado pseudocellus por 
Andrews & Stoelzel (1984) al definir este género. 


Figs. 1-6: Diplomenora cocconeiforma (Schmidt) Blazé, MEB, figs. 1-3, 5; MF, figs, 4, 6, DIAT- 
CONC M 1202, excepto fig. 4 (Comber Collection, N° 1149). 

Fig. 1: vista general del frústulo. Escala = 5 um. Fig. 2: cingulum formado por un número variable de 
bandas provistas de una ancha lígula, En el margen advalvar de cada banda existe una hilera de 
aréolas (flechas). Escala = 1 um, Fig. 3: las aréolas de la valva disminuyen en diámetro hacia el 
margen valvar, todas provistas externamente de rotae. Rimoportula con abertura extema alargada 
(flecha). Las aréolas de la valvocopula son evidentes, Escala = 1 um. Fig. 4: Comber Collection N° 
1149, Valva de contorno circular con aréolas irregularmente dispuestas. Rimoportulae cercanas al 
margen (flechas). Escala = 10 jm. Figs. 5-6: valvas subcirculares con estrías radiales curvadas. 
Estrías más contas cercanas al margen (flechas largas). En cada extremo del sternum se ubica un área 
de aréolas. Rimoportulae formando un anillo submarginal (fechas cortas). Fig. 5: vista interna de la 
valva, Escala = 1 pm, Fig. 6: vista extema de la valva. Escala = 5 um. 


Figs. 1-6: Diplomenora cocconeiforma (Schmidt) Blazé. SEM, figs. 1-3, 5; LM, figs. 4, 6. DIAT- 
CONC M 1202, except fig. 4 (Comber Collection, N° 1149). 
Fig. 1: general view of a frustule. Scale bar = 5 um. Fig. 2: cingulum with a variable number of bands 
showing a broad ligula. A single row of areolae (arrows) is located on the advalvar margin of each 
band, Scale bar = 1 um. Fig. 3: valve areolae decreasing in diameter towards the valve margin, 
externally covered by rotae. External elongated opening of a rimoportula (arrow), Note areolae of the 
valvocopula. Scale bar = 1 um. Fig. 4: Comber Collection N° 1149, Valve with circular outline 
showing irregularly areolae located. Rimoportulae close to the margin (arrows). Scale bar = 10 um. 
Figs, 5-6: subcircular valves with radial curved striae. Note the shorter striae close to the margin 
(long arrows). Note the area of areolae at each end of the sternum. Rimoportulae arranged in a 
submarginal ring (short arrows). Fig. 5: internal view of the valve, Scale bar = 1 pm. Fig. 6: external 
view of the valve. Scale bar = 5 um. 
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Blazé (1984) entrega información poco clara acerca del cingulum de D. 
cocconeiforma, Andrews & Rivera (1987) afirman que en Adoneis pacifica estaría 
constituído por una sola banda abierta, y Round er al. (1990) caracterizan, de manera 
más bien reducida e incompleta, el cingulum de Rhaphoneis, Diplomenora y 
Delphineis. Hasle € Syvertsen (1993) tampoco presentan información acerca de los 
mencionados caracteres al estudiar Neodelphineis indica (F.J.R. Taylor) Hasle. Por lo 
tanto, es necesario obtener un mayor conocimiento sobre las caracteristicas asociadas 
con el cingulum de todos estos géneros, pues podrían aportar información valiosa sobre 
los taxa asignados a la familia Rhaphoneidaceae Forti. Esto permitiría a la vez definir 
las relaciones filogenéticas que podrían existir entre los miembros del grupo. 
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TOLYPELLA NORMANIANA NORDSTEDT, A LITTLE KNOWN 
CHAROPHYTE FROM NORTHERN NORWAY 


Anders LANGANGEN 


Hallagerbakken 82 b, 1256 Oslo, Norway 


ABSTRACT: Tolypella normaniana is a charophyte endemic to Northern Norway. It is only known 
from a few localities in Nordland county, but is presumed to be more widespread in the area as there 
are many potential localities. In this paper specimens from three localities in Nordland are treated 
The different populations are described separately, as the local variation is considerably. The alga is 
specially well adapted to live on the tidal flats in estuaries in the area. On these foreshore flats the 
competition from other plants is minimal. One important chemical factor in this environment is salt 
content, which vary considerably during the year. In a simple growth experiment the alga did not 
change phenotypical from how it was found in nature. This was in contrast to Chara aspera, which 
in the same experiment changed phenotypical from dwarf to "normal". 

The belonging of this species to the section Obtusifolia of Tolypella is discussed, and the 
species has been compared to other "extreme" taxa in the section. A possible migration route for the 
taxon is mentioned . 


RESUME: Tolypella normaniana est une charophyte endémique du nord de la Norvège. On sait 
qu'elle est présente en des zones limitées de la région du Nordland. On suppose, par ailleurs, que sa 
présence est possible dans de nombreuses autres localités de cette zone. Des specimens en 
provenance de trois localités sont traités dans ce document. Ces specimens sont décrits séparément, 
du fait des variations locales. L'algue s'adapte tout particulièrement bien à la vie marécageuse (zones 
de marées basses) dans les estuaires. En zones marécageuses, la compétition avec d'autres plantes est 
limitée. Dans un tel environnement, la teneur en sel, qui varie considérablement pandant l'année, est 
un facteur chimique important, Au cours d'une simple expérience de croissance, l'algue n'a pas subi 
de changements phénotypiques par rapport à son état dans la nature, Au contraire, durant cette même 
expérience, Chara aspera a subi des changements pour passer d'un état “nain” à un état “normal”, 

L'appartenance de ces espèces à la section Obtusifolia de Tolypella est sujette à discussion, 
et les espèces ont été comparées à d'autres taxons "extrêmes" de la section, Une voie de migration 
possible du taxon est mentionnée. 


KEY WORDS - Tolypella normaniana, Chara aspera, Northern Norway, tidal flats. 


INTRODUCTION 


Tolypella normaniana Nordstedt was collected for the first time by the 
Norwegian botanist J.M. Norman in Beiarn-fjorden, Nordland in 1867 (Norman, 1894). 
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It was described as a new species by the Swedish charologist Otto Nordstedt in 1868 
(Nordstedt, 1868). Later the species has also been found in a few other fjords in 
Nordland (see below). Specimens of 7, normaniana from Beiarn-fjorden are found in 
exsicatae of Nordstedt & Wahlstedt (1871) and Braun, Rabenhorst & Stizenberger 
(1878). In his monography of Norwegian and Swedish charophytes Wahlstedt (1875) 
considers 7. normaniana as a form of Tolypella nidifica (Müller) v.Leonh. This is the 
first time the validity of the species was queried, In his work on oospore membranes 
Nordstedt (1880) still treats it as a species. But in a later work Nordstedt reduces the 
taxon to a subspecies of Tolypella nidifica (Braun & Nordstedt, 1883). This has been 
followed by many authors at a later date (Groves & Bullock-Webster,1920; Hasslow, 
1936; Corillion,1957; Wood, 1962; Moore, 1986). Sydow (1882) even treats it as a 
variety of Tolypella glomerata Desv. in Lois. This contrasts with Migula (1897) who 
considers Tolypella normaniana as a good species. Description of the species (based on 
material from Beiarn-fjorden) is found in Norman (1868) (referred in Fries, 1868), 
Nordstedt (1883) (drawings only), Wood & Imahori (1964-1965). 


MATERIAL AND METHODS 


Specimens of Tolypella normaniana were collected during summer of 1992 and 
1993. They were kept in a 3% formalin solution. In the autumn of 1993 living 
specimens were send to me from two contacts in the area. 

Water samples were taken in bottles for water analyses, Conductivity,salt 
content and pH were measured on the spot. Conductivity and salt content were 
measured with a Hach Conductivitymeter Model 44600/CND/TDS Meter, pH with a 
Hellige Comparator. Chloride and calcium were measured with Aquamerck 11106 
Chloride and Aquamerck 11110 Calcium. 

In the growth experiment I used water and bottom sediment from Sørfjorden, 
and specimens of Chara aspera Deth ex Willd. (from Sørfjorden) and Tolypella 
normaniana (from Beiarn-fjorden). Small pieces of these algae were put in the culture 
glass, and covered with a thin layer of sediment. 

A chromosomal count was done on material from Beiarn-fjorden, collected 
01.08.1993. Young antheridia were dissected out, and stained in aceto-orcein and then 
squashed. 

All specimens studied here are deposited in the phycological herbarium at 
Botanical Museum, University of Oslo (O). 


RESULTS 


A. Description of the localities 


T have collected Tolypella normaniana in three different locations. These three 
localities have this in common: - They are estuaries in fjord heads. - These fjord heads 
receive great quantities of fresh water from big rivers and are therefore brackish. - The 
tidal differences are great, between 1-3 m., and in the estuaries large areas are exposed 
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to air at ebb making up tidal flats (Fig. 14). On these tidal- or foreshore flats the alga 
grows. The charophytes are fastened by their rhizoid system and the phanerogames with 
roots. Different other algae grow on stones or shells, while filamentous algae drift 
around in the water. 


Leirvika, Beiarn-fjorden (Fig. | ). 

Clay bottom with silt on top. Tolypella normaniana grows in very dense mats 
and cover great areas. Big quantities of different filamentous algae, Cladophora sp., 
Zygnema sp., Spirogyra sp., Oedogonium sp., Percursaria percursa (Ag.) Rosenvinge, 
Vaucheria medusa Christensen, Bulbochaete sp., Tribonema sp., Enteromorpha sp. 
Ruppia maritima L. is common. 


Breidvika and Sagneset (Bjerka), Sorfjorden (Figs. 2 and 14), 
A thin layer of silt, 1-2 cm thick, covers a hard clay bottom. Tolypella 
normaniana and Chara aspera were growing in scattered patches, especially well in 





Figure 1. - Beiarn-fjorden. Tolypella normaniana covers the bottom in dense mats. The scale is c. 5 
cm. Photo 13.07.1993. 

Figure 2. - Sorfjorden by Breidvika. Part of the shore with the foreshore flat. Photo 17.07.1993. 
Figure 3. - Mosjgen. T-normaniana growing on fine sand bottom, seen as small dark dots. The big 
plants are Cochlearia ssp. norvegica. The pen is 13 cm long. Photo 17.07.1993. 

Figure 4. - Mosjøen. Part of the locality shown here is filled in with stones and soil. It is only a 
question of time before this locality will be destroyed. Photo 17.07.1993 
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areas with small pools created by ebb sea. Potamogeton filiformis Pers., Eleocharis 
uniglumis (Link) Schultes and the brown alga Pelvetia canaliculata (L.) Dene. et Thur. 
were accompanying the charophytes. Near the shore Pedicularis palustris L. and Carex 
paleacea Wahlenb. were common. 


The outlet of the river Vefsna in Mosjøen, Vefsnfjorden (Fig. 3) 

A more sandy bottom is found here. On the foreshore flats Tolypella 
normaniana was discovered scattered both in small pools and exposed to air on the wet 
bottom sediment. Cochlearia officinalis L. subsp. norvegica Nordal et Stabbetorp was 
commonly accompanying T. normaniana (Fig.3). Filamentous algae were Zygnema sp., 
Spirogyra sp. and Cladophora sp. 

Due to lack of space for industry this area is partly filled in with stones and soil. 
In a few years from now the locality will be destroyed and the alga will most probably 
die out (Fig. 4). The two other localities, Beiarn-fjorden and Sgrfjorden have recently 
been evaluated to have very high protective value (Elven et al., 1988). 


B. Description of the populations studied 


The Mosjøen population, specimens collected 17.07.1993 (Figs. 5 and 7). 

Plants small up to 19 mm high, up to 9 plants in the same protonema. Not 
encrusted and dark green in colour. Protonemal internode 2-7 mm long, often with 
oospore. The plants are growing out from one or two root nodes, and are commonly in 
different developmental stages. Protonemal axis 150-300 um in diameter. Whorls 1-5. 
Protonemal whorl always with fertile, branched branchlets, and often with sterile, 
unbranched branchlets. Fertile branchlets 4-10, are up to 9 mm long. Sterile branchlets, 
unbranched 1-4 up to 14 mm long . One protonemal terminal process (Vorkeimspitze), 
thicker than the branchlets and as thick as, or slightly thicker than the protonemal 
internodium, and much longer than the head (which gives the species a peculiar 100k) 
up to 15 mm long, 3-5 celled.The other whorls only with fertile branchlets. On the first 
whorl 7-9 branchlets, 1-6 mm long. On the second whorl 5-8 branchlets, 1-4 mm long. 
The branchlets are normaly curved inwards towards the stem. 

Internode between the protonemal whorl and the first whorl vary from 0,5-2 
mm in length. Other internodes are much shorter. 

Branchlets of the protonemal whorl 3-8 X the length of internode. Sideshoots 
are often found in the protonemal whorl, 1-2. In other whorls sideshoot is not common. 

Fertile branchlets with 2-3 lateral rays (most common 3) at lowest node. 
Branchlets 5X - 10X the length of the basal cells. End segments 2-5 X as long as the 
lateral rays, 2-4 celled. End cells obtuse, shorter and smaller than the penultimate cell. 

Rays 2-4 celled (most commom 3), curved inwards, 0,5 - 3mm. End cells the 
shortest cells in rays, obtuse. Secondary rays are found. 

Heads commonly found, but not always, 0.5-7mm in diameter, without mucus. 
The species normaly fructify in very rich quantities. Monoecious. Gametangia 
conjoined at stem nodes and at fertile branchlet nodes. Specimens in this collection are 
markedly protandrous, with big antheridia and many small oogonia. Generally one 
antheridium and two lateral oogonia, but also other combinations are common; three 
antheridia/one oogonium- two antheridia/one oogonium- 4 antheridia. 
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Figure 5, - Mosjgen. Specimens of T. normaniana collected 17.07.1993. Part of a specimen showing 
protonemal whorl and first internode which is 2 mm long and with two more whorls forming a small 
head. The branchlets are all curved inwards. 

Figure 6. - Sørfjorden. Specimens of T. normaniana collected 13 and 17.07.1993. a. Specimen with 7 
plants. Total length 60 mm. This is mainly due to the extra length of the protonemal terminal 
processes. b. Close up photo of the head of one specimen, The antheridia at the left side are stalked. 
‘The endsegments of the branchlets are extra long. The thick cell in the middle is the protonemal 
terminal process. 


Oogonia 300-350 um long (included coronula), 170-290 um wide, 7-8 
convolutions. Coronula 40-50 um high, 80 um wide at base. Most oogonia without 
stalkcell, but in some up to 150 um long. Oospores not mature. 

Antheridia most often solitary, but also up to four together, 250- 370 um in 
diameter, short stipitate with stalkcell up to 150 um long. 


Specimens studied: VEFSN: Vefsnas outlet in Mosjgen, 17.07.1993 A.L. 


The Sørfjorden (Bjerka) population, specimens collected in 1993 (Figs. 6 and 

8) 

Plants up to 100 mm high (58 mm in average/15 measures), up to 20 plants in 
the same protonema (variation 3-20, 10 in average/8 measures). Not encrusted. Green 
to dark green colour. Protonemal internode 4-37.5 mm long (12 mm average/ 11 
measures), often with oospore. The plants grow from one to three root nodes, and they 
occur in different developmental stages. 

Protonemal axis 150-450 um in diameter. Whorls 1-5 (with 4 as most common). 
Protonemal whorl always with fertile branchlets, and often with sterile, unbranched 
branchlets. Fertile branchlets (incl. accessory) 4-22 (11 in average/6 measures), up to 
40 mm long (20 mm in average/9 measures), 2-4 celled. Sterile branchlets 2-6, up to 9 
mm long. One protonemal terminal process, seems like a prolongation of the 
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Figure 7. - Mosjøen. Specimens of T. normaniana collected 17.07.1993. Specimen with 8 plants 
from the same protonema. The germinated oospore is still fastened to the plant. Total length of the 
plant is 15 mm. 

Figure 8. - Sørfjorden. Specimens of T. normaniana collected 13 and 17.07.1993. a. Specimen with 4 
plants. The right plant is best developed. It has three whorls in addition to the protonemal whorl. 
Total length of the alga is 23 mm. b. Different branchlets. 7. with three rays 2. with four rays 3. more 
complicated with secondary rays 4. Gametangia (here 2 oogonia and 1 antheridium). 

Figure 9. - Beiam-fjorden (cf. fig. 11) Regular branchlet with 3 rays, and one accessory branchlet 
from protonemal whorl. 

Figure 10 - Chara aspera collected in Sørfjorden 30.09.1993. Notice the long protonemal terminal 
process. 


protonemal internodium, and is often as thick as this, and thicker than the branchlets, 
up to 90 mm long (60 mm in average/10 measures), 2-3, 3-4 or even 5-celled (the 
longest cell measured by me was 50 mm long). Terminal process 3-6X length of 
branchlets. The other whorls only with fertile branchlets. On the first whorl 4-9 
branchlets, 2- 15 mm long, 3-4 celled. On the second whorl 4 - 10 branchlets 2-6 mm 
long. On one specimen I found two more whorls. On the third whorl 6 branchlets, to 2 
mm long. On the fourth whorl 7 branchlets, to 1.2 mm long. The branchlets are 
normally curved inwards towards the stem. 

Internode between the protonemal whorl and the first whorl vary from 0.5-2.5 
mm in length (1.2 mm in average/7 measures). 
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Branchlets of the protonemal whorl 3-20X the length of the internodium. The 
next internodium to 0.5 mm in length. 1-3 sideshoots may be found in all whorls but 
they are not common. 

Fertile branchlets with 2- 3 or 3-4 (in one case 5) lateral rays (3 most common) 
at lowest node. Branchlets 3 - 30X the length of the basal cells. End segment 3-25X as 
long as the lateral rays, 2-3 celled. End cells obtuse, shorter and smaller than the 
penultimate cells, 2-3 celled. 

Rays 2-3 celled (most common 3), curve inwards, 0.5-9 mm. End cells the 
shortest cells in rays, obtuse. Secondary rays with gametangia on base can be found. 

Heads commonly found , 2-9 mm in diameter, without mucus. 

The species always fructify very richly. Monoecious. Gametangia conjoined at 
stem nodes and at fertile branchlet nodes. Generally one antheridium and two lateral 
oogonia, but many other combinations are found, 4 oogonia/one antheridium, 3 
oogonia/2 antheridia, 3 oogonia/1 antheridium 5 oogonia/1 antheridium, 4 antheridia. 

Oogonia 350-500 jm long (included coronula), 300-400 um wide, 7-8 
convolutions. Coronula 40-50 um high, 80-100 um wide at base. Most oogonia without 
stalkcell, but in some up to 250 um long. Oospores dark brown to black, 280-300 um 
long, 250-300 um wide, with 7-8 sharp ridges. Fossae c. 45 um across, membrane fine 
granulated, 

Antheridia most often solitary, but in clusters of up to 4, 280-400 um in 
diameter, short stipitate. In some cases with stalkcell up to 300 um long. 


Specimens studied: HEMNES: Sørfjorden by Sagneset 13.07.1993 A.L.02.08.1993, 
25.08.1993 and 30.09.1993 Viggo Davidsen , Sørfjorden by Breidvika 17.07.1993 A. L., 


The Beiarn-fjorden (Leirvika) population, specimens collected in 1992 and 

1993 (Figs. 11 and 9) 

Plants up to 55 mm high ( 40 mm in average/14 measures), 1- 4 plants (mostly 
only one) on the same protonema. Encrusted, often heavily grey in colour. Specimens 
collected in november were not encrusted, they were green in colour. Protonemal 
intemode 9-29 mm long (16 mm in average/13 measures), often with oospore. 
Protonemal axis 300-600 um in diameter. Whorls 2-6 (most often 4-5). Protonemal 
whorl always with fertile branchlets, and with sterile, unbranched branchlets. Fertile 
branchlets 5-20 (13 in average/9 measures) (with 2-8 accessory included), up to 40 mm. 
long. Sterile branchlets 3. One protonemal terminal process (Vorkeimspitze), most 
often thicker than or as thick as the branchlets and thinner or as thick as the protonemal 
internodium. The terminal process is higher to much higher than the heads, and up to 
38 mm long. The other whorls mostly with fertile branchlets, and in some specimens 
with 1 sterile branchlet. On the first whorl 5-10 branchlets, 7-12 mm long. On the 
secondary whorl 5-8 branchlets, 3-6 mm long. In one specimen whorl 3 with 5, whorl 4 
with 3 and whorl 5 with 3 branchlets (100 um long). The branchlets are normaly curved 
inwards towards the stem. 

Internode between the protonemal whorl and the first whorl varying from 3-26 
mm in length. Other internodes are shorter. Sideshoots can often be found in all whorls, 
but they are best developed in the protonemal whorl, In some cases the sideshoots can 
be equal in size with the mainshoot (Fig. 11b). 
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Figure 11. - Beiarn-fjorden. Specimens of 7. normaniana collected 18.07.1992 and 13.07.1993. a. 
Specimen one mainshoot from the protonemal whorl. Hight 50 mm. The first internode is 20 mm 
long. (Material from 18.07.1992). b. Specimen with four shoots from the protonemal whorl. Total 
hight 50 mm. The longest first internode (plant to the right) is 26 mm long. (Material from 
18.07.1992). c. Incrustated specimen collected 13.07.1993. First internode is 10 mm long. The 
protonemal whorl has 8 regular branchlets and 2 accessory branchlets. 

Figure 12. - Chromosomes of Tolypella normaniana. n = c. 20. 

Figure 13. - "Callose" pits a) Tolypella nidifica, b) Tolypella normaniana. 
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Branchlets of the protonemal whorl 1-6 X the length of the internodium. Fertile 
branchlets with 3-4 lateral rays (most common 3) at lowest node. Branchlets 5-10 X the 
length of the basal cells. End segment 1-4 X as long as the lateral rays, 3-4 celled. End 
cells obtuse, shorter and smaller than the penultimate cell. 

Rays 2-4 celled ( most common 3) at lowest node, curved inwards, 0.5-2 mm. 
End cell the shortest cell in the ray, obtuse. 

Heads are commonly found, 1-3, 2-12 mm in diameter, without mucus. 
Monoecious. Gametangia conjoined at stem nodes and at lowest node of fertile 
branchlets. Stem nodes normally with many gametangia both below and above the 
branchlets. Fertile branchlets generally with one antheridium and two lateral oogonia, 
but many other combinations are possible. 

Oogonia 380-450 um long (included coronula), 300-380 um wide, 7-8 
convolutions. Coronula 30-40 um high, 80 um wide at base. Oospore 280-300 jm long, 
230-280 um wide with 6-8, low sharp ridges. Oospore with 2 basal impressions. 

Antheridia solitary or 2-3 together, 300-450 jm in diameter, when stipitated 
with stalkcell up to 600 um. 


Specimens studied: BEIARN : Leirvika in Beiarn-fjorden 18.07.1992 A.L. 13.07.1993 A.L., 
01.08.1993 and 07.11.1993 Mats Nettelbladt. 


General description of the species 

Based on the description of the three populations examined, Tolypella 
normaniana can be described as follows: 

Plants up to 100 mm high, 1-20 plants in the same protonema. Encrusted or not 
encrusted, Protonemal internode 2-37.5 mm long, axis 150-600 um in diameter. Whorls 
1-6. Protonemal whorl always with fertile branchlets, and with sterile, unbranched 
branchlets. Fertile branchlets 4-22, up to 40 mm long. Sterile branchlets, 1-6. One 
protonemal terminal process, much longer than the heads, up to 90 mm long. The other 
1-5 whorls only with fertile branchlets. The branchlets are normally curved inwards 
towards the stem. 

Internode between the protonemal whorl and the first whorl vary from 0.5-26 
mm. 

Heads commonly found, but not always, 0.5-12mm in diameter, without mucus. 

Monoecious. Gametangia conjoined at stem nodes and at fertile branchlet 
nodes. Oogonia 300-450 um long (included coronula), 170-400 um wide, 7-8 
convolutions. Some oogonia with stalkcell up to 250 hm long. Oospore dark brown to 
black, 230-300 um long, 230-300 um wide, with 6-8 sharp ridges. Oospore with 2 basal 
impressions. Fossae c. 45m across, membrane fine granulated. 

Antheridia solitary or 2-4 together, 250-450 um in diameter, when stipitated 
with stalkcell up to 600 um long. 


C. Growth experiment 


Chara aspera 

Specimens of Chara aspera have only been discovered in Sørfjorden. Only 
juvenile forms were found. They are 6-14 mm high, sterile and with many plants on the 
same protonema. The protonemal internode is long and always without a cortex. Other 
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internodes, 1-3, with cortex and spine-cells. Stipulodes are also found on nodes. Cortex 
on the 1-2 lowest segments of the branchlets. Very typical for these juvenile forms is 
the long protonemal terminal process, which is much higher than the plant (Fig. 10 ). 
This gives the plant a similar appearance to Tolypella normaniana. 

In material collected in Sgrfjorden 30.09.1993 I found three small specimens of 
C. aspera. These plants were placed in a glass with sediment and water from the 
locality. After two months (23.11.93) the plants had developed into normal types of C. 
aspera, to 9 cm high. They were sterile. 

In another experiment (started 26.11.93) the above plants of C. aspera were cut 
into pieces, 2-3 cm long . These pieces were put in the same glass and covered by a thin 
layer of sediment. On 02.01.94 many new plants of C. aspera had grown out from the 
pieces. Fertile specimens of these were the normal male type of C. aspera, and were up 
to 10 om high. 


Tolypella normaniana 

Pieces of different specimens of T. normaniana, collected in Beiarn-fjorden 
07.11.93, were on 26.11.93 planted in the glass with C. aspera mentioned above. 

The growth of the species was good. When I examined some specimens on 
03.02.94 I found many brown oospores. The plants were slightly encrusted, and more or 
less "normal", as one finds them occuring in nature. They differed only in having a 
longer protonemal internode, up to 50 mm long. 


D. Cytology 


The chromosome number was counted to n = c. 20 (Fig. 12 ). The cell examined 
is presumably an antheridial initial cell, and not from the antheridial filaments (Roberts 
& Chen, 1975). 


E. "Callose" pits 


"Callose" pits is a feature found only in Tolypella. The phenomena was first 
reported by Fridvalszky (1958) and later by Sawa & Markoff (1982). The inner cell 
wall of internodia of T. normaniana and T. nidifica were examined under phase- 
contrast microscope (Fig. 13). The "callose" pits have an elliptical/irregular form and 
are more or less parallel arranged in both species. My observations are to few to say 
anything about the taxonomic value of this character on species level. 


F. Some ecological and biological observations 


Tolypella normaniana grows on loose clay bottom in different estuarine fjords 
in Nordland. By ebb sea, the tidal flats which make up great areas where the alga lives 
are exposed to air (Figs. 2 and 14 ), On these foreshores flats the alga survive in small 
pools or on wet bottom sediment, where the alga is fastened by its rhizoids. In Mosjgen 
and Sprfjorden the alga grows scattered, and here the number of plants growing out 
from each oospore can be as high as 20. In Beiarn-fjorden the alga grows in very dense 
mats (Fig. 1), and here presumably due to this the number of plants from each oospore 
is much lower, 1-4, 
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In localities where 7. normaniana lives competition from other plants (cf. the 
description of the localities) seems to be very small except maybe in Beiarn-fjorden 
where dense growth of filamentous algae may affect the growth of the alga. 

T. normaniana is annual and survives the winter as oospores, The germination 
of charophyte oospores is regulated both by anaerobic conditions, temperature and light 
(Carr & Ross,1963; Forsberg, 1965 and Proctor, 1967), and is therefore set by the 
climatic conditions every spring. In July 1993 the alga in Mosjgen and Sgrfjorden were 
markedly protandrous, a phenomenon well known for charophytes. In Beiarn-fjorden 
the alga was better developed in July 1993, presumably due to higher temperatures in 
the water. The fructification was extremely rich with mature red/orange oogonia and 
orange antheridia. In August 1993 the growth was still good, and both in Sørfjorden and 
in Beiarn-fjorden the first ripe, brown oospores were found. 

In September 1993 the Sgrfjorden population was still fructifying extremely 
richly, still with both oogonia and antheridia. The number of ripe oospores is still low. 
In November 1993 the number of ripe oospores in material from Beiarn-fjorden was 
much higher, but still there were fructifying specimens, now only with oogonia. In 
November/December the fjords will normaly be frozen, and conditions will be radically 
changed for the alga. The movement of ice is also an ecological gradient, but was not 
observed by me. The result is that the alga manages to survive the winter alone with 
oospores. 

Some chemical parameters from the localities are given in table 1. Perhaps the 
most important chemical factor is salt content, This factor varies throughout the year, 
but is relatively low in summer. The values measured by me indicate fresh water to 
slightly brackish water in summer (according to @kland (1983) fresh water has below 
0,5 g 1? salt), and a considerable higher content of salt in the autumn, 


Table I. Some chemical and physical parametres measured on the localities with Tolypella 
























































normaniana 
Locality | Date Conductivity | Salgr 1] pH | Clmgl | Camgl!] Watertemp °C 
yS em” 
Leirvika | 17.07.92 610 031 | 88 150 40 149 
Leirvika | 11.10.92 9000 451 | 78 100 1250 2 
Leirvika | 13.07.93 800 0.40 z 175 à 25.6 
Leirvika | 07.11.93 14770 142 | 76 E E : 
Bjerka | 13.0793 2520 126 z 575 E 16.9 
Bjerka | 17.07.93 1760 08 | 76 | 500 À 12.7 
| Bjerka | 25.08.93 E a : 2325 E : 
Bjerka | 30.09.93 11740 587 | s0 | 2900 E i 
Mosjøen | 17.07.93 216 On 3 50 : 128 














The water temperature in the area varies much, but on sunny days the 
temperature in the most sheltered parts of the estuaries (especially in Beiam-fjorden) 
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can be high. This has a positive effect on the growth of the alga. This was seen clearly 
in Beiarn where the alga was more developed than in the two other localities. 


G. Distribution 


Tolypella normaniana is an endemic species to Nordland, Norway. It has been 
found in the following localities: 
Beiarn: Leirvika (ved Solgy), 1867, J.M. Norman (not dated), 29.07.1869 Schlegel and 
Arnell, 18.07.1992 A. Langangen, 13.07.1993 A.L., 01.08.1993 Mats Nettelbladt, 
07.11.1993 Mats Nettelbladt 
Hemnes: Hemnes by Prestenget (presumed to be collected by Axel Blytt, 1870) 
Hemnes: Røsågas outlet (Sagneset) in Sørfjorden (Ranafjorden), august 1870 A. Blytt 
and H.W. Arnell, 13.07.1993 A. Langangen, 25.08.1993 Viggo Davidsen, 30.09.1993 
Viggo Davidsen (Fig. 14). 
Hemnes: Sørfjorden ved Bjerka (Breidvika), 13.07.1993 A. Langangen, 17.07.1993 
A.L. (Fig 14) 
Vefsn: Vefsnas outlet in Mosjøen, 17.07.1993 A. Langangen. 


POLAR CIRCLE 











Figure 14. - Map showing the two localities in Sørfjorden (marked by asterix). The dotted area in the 
sea is the foreshore flat (by ebb sea). This cover great areas. One square = Ikm'. Copy of map 
Korgen, M 711 1927 Il. Copyright Statens Kartverk 1986. Printed with permission from Statens 
Kartverk, 1994. 

Figure 15. - Distribution of Tolypella normaniana in Nordland. The northmost loc. is Beiam-fjorden, 
the middle loc. is Sørfjorden and the southmost loc. is Mosjøen. 
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The distribution is given in figure 15. See also Langangen (1993).The alga is 
presumed to be more widespread as there is many potential localities in the area (see 
Elven et al., 1988). 


DISCUSSION 


Tolypella normaniana belongs to the section Obtusifolia of the genus Tolypella. 
This section is characterized by having obtuse branchlet end cells and 2-3 basal 
impressions on the oospore (on specimens from Beiarn-fjorden I found two basal 
impressions) (Sawa & Frame, 1974). Two other Scandinavian species of Tolypella 
belong to the same section, T. glomerata (Desv.) v. Leonh. and T. nidifica (Müller) v. 
Leonh.. These two species are differentiated by colour (grade of incrustation) and by 
size of the oospore and membrane structure. All these characters are variable and 
intermediate forms are often found (Groves £ Bullock-Webster, 1920; Moore,1986). 
This is why Moore (1986) regards T. glomerata as a variety of T. nidifica. This is not 
followed by Blindow & Krause (1993). Of the two species T. normaniana is, according 
to my opinion, closest to T. glomerata as the length of its oospores is below 300 pm 
and as it has a fine granulated oospore membrane. This was also suggested by Sydow 
(1882), but strongly opposed by Migula (1897) and Hasslow (1936). Tolypella 
glomerata is most often found in fresh water in Scandinavia (Hasslow, 1931; Olsen, 
1944; Pettersson, 1964; Blindow & Krause, 1989), but occurence in slightly brackish 
water is known (Olsen, 1944). The other species, Tolypella nidifica is only known from 
brackish water, as is also T. normaniana. This is may be the reason why many authors 
have regarded T. normaniana as a variety or subspecies of T. nidifica (Corillion, 1957). 

The chromosome number of T. normaniana counted by me is n = c. 20, This is 
in accordance with a possible chromosome number of both T. glomerata and T. 
nidifica, as Guerlesquin (1966) gives n = c. 20,25 for T. nidifica subsp. occidentalis R. 
Corillion (a south European taxon) and n = 15 and c. 20 for T. glomerata. Lindenbein 
(1927) gives n = c. 42 for specimens of T. nidifica from the Baltic Sea (near Kiel). 
Sawa (1974) says that the base number of chromosomes of the European members of 
Obtusifolia is 5 or 10, and that they seem to tolerate a considerable amount of salinity, 
which is in contrast to fresh water species of the New World where the basal 
chromosome number seems to be 11. According to Sawa (op. cit.) this may reflect two 
distinct mechanisms of speciation in the group, where consequently Tolypella 
normaniana belongs to the European line as expected, 

As the morphological variation of T. normaniana is great, it has many 
characteristics in common with the other species of the Obtusifolia group. But T. 
normaniana do also have its own specific characters (Migula, 1897), These are: - There 
is no sterile whorls as most branchlets in the protonemal whorl are fertile. This is in 
contrast to T. nidifica and T. glomerata where one or two whorls have only sterile 
branchlets. - A permanent protonemal terminal process (Vorkeimspitze) is found on all 
specimens observed. 

This terminal process can be found in young plants of Chara and Tolypella 
(Pringsheim, 1862; Bary,1875) and it normally falls off. According to Groves & 
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Bullock-Webster (1920) the terminal process of T. glomerata often persists for some 
time overlapping the plant. 

Tolypella normaniana seems to be a species well adapted to severe ecological 
conditions, especially the tidal differences in the localities, high fluctuations in salinity 
(varying from nearly fresh water to strong brackish water) and relatively low 
temperatures. Other species of Obtusifolia, similar in appearance to T.normaniana are 
known from other extreme localities: - Tolypella antarctica (A.Br.) R. Corillion, a fresh 
water species endemic to Kerguelen Island, where the water temperatures are very low 
(Corillion, 1982; Corillion & Reviers, 1985). - Tolypella salina R. Corillion, a species 
known to France and Spain, and which can stand water with very high degree of salinity 
(Corillion, 1960; Comelles, 1986). 

The localities of Tolypella normaniana are the world’s northernmost sites 
known for the genus Tolypella. The other Scandinavian members of the section 
Obtusifolia are as follows: T. nidifica can be found in the Baltic north to Oulu in 
Finland (65°N) (Cedercreutz, 1932), in Denmark (Olsen, 1944), and in a few localities 
in Southern Norway (Langangen, 1974). 

In England it occurs on the Shetland Islands (Moore & Greene, 1983). T. 
glomerata can be found in Denmark (Olsen, 1944) (both fresh and brackish water) and 
in a few localities in Southern Sweden (all fresh water) (Blindow & Krause, 1989). 

Worth mentioning in this connection is also the accompanying species Chara 
aspera in a locality in Sørfjorden. The brackish water form of this species seems to 
have the same distribution as T. nidifica. 

Based on these pieces of information on the occurrence of other species of 
Tolypella and Chara aspera at this point of writing, it is reasonable to believe that the 
brackish water species in Nordland have the same place of origin. 

The most obvious vector for dispersal of fresh and brackish water algae, 
including charophytes, is migratory water birds. In a study Proctor (1962) found that 
oospores of several common North American species of Chara could survive the 
passage through the digestive tract of such birds, 

Khan & Sarma (1984) suggest a migration route for Tolypella nidifica through 
the Baltic Sea (Finland) and back to Norway. This is a less probable route, as there arè 
no water birds crossing these landmasses. 

Two western routes are more probable. One from Denmark through inland 
Norway to Nordland and Svalbard by White-fronted Goose, Anser brachyrhynchus 
Baillon, or from Scotland along the Norwegian coast to Nordland and Svalbard by 
Brent Goose, Branta leucopsis Bechstein (Bollingmo, 1991). 
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PREMAZZI G., VOLTERRA L., 1993 - Microphyte toxins, a manual for toxin 
detection, environmental monitoring and therapies to counteract intoxications. 
Environment Institute, EUR 14854 EN, Luxembourg. ISSN 1018-5593. 136 p. 


Ce manuel synthétique sur les toxines algales, traite des méthodes d'étude des toxines des 
micro-algues simultanément en milieux marin et d'eau douce. L'approche qui met en évidence les 
similitudes, s'adresse en priorité aux gestionnaires confrontés à un problème pratique et qui recher- 
chent les méthodes pour l’aborder. Centré sur l'Europe, sa rédaction en Anglais technique s'imposait 
pour en permettre l'accès à la majorité. 

Le livre est subdivisé en 6 chapitres, 4 appendices et un index des sujets, Chaque chapitre, 
ou sous-chapitre, est suivi d'une liste de références bibliographiques permettant la remontée aux 
Sources si nécessaire. 

Le chapitre 1 expose le problème général, c’est un passage obligé pour certains, en France 
par exemple le cas des eaux douces est mal connu. L'exemple de la Baltique illustre à quel point les 
deux populations, marine et d’eau douce, peuvent s'interpénétrer. 

Le chapitre 2 fait le point sur la description des toxines, leurs activités, nature et doses, et les 
animaux sensibles. Le chapitre 3, sur les espèces du phytoplancton qui les produisent, se présente 
comme une aide à l'identification. Regrettons que les légendes des dessins, reproduits d'après des 
ouvrages connus, ne mentionnent pas leurs sources. Les ouvrages sont cependant retrouvés dans les 
listes de références associées 

Le chapitre 4, passe en revue les méthodes de détection par type de toxine. Sont distinguées 
les méthodes d'extraction, les tests de toxicité biologiques qui peuvent être caractéristiques de la 
toxine, et les analyses chimiques, très généralement basées sur l'HPCL. 

Le chapitre 5, sur la gestion du problème, montre à quel point nous sommes peu armés pour 
y faire face autrement que par les mesures préventives. Le chapitre 6 montre que les thérapies possi- 
bles après une intoxication se réduisent à un traitement des symptômes pour aider les malades à 
passer le cap de l'intoxication aiguë. 

Les appendices offrent, sous forme de tableaux, les résumés par type de toxines des con- 
naissances exposées dans les chapitres. Cela compense en partie le fait que l'index annoncé ne soit 
que la table des matières détaillée. 

On peut relever un bon nombre de coquilles orthographiques. D'après certains collabora- 
teurs consultés, elles auraient probablement pu être évitées si la mise en forme définitive de cet 
ouvrage, par ailleurs bien présenté dans son ensemble, avait été plus conviviale et ne s'était pas 
accompagnée d'une péripétie déontologiquement regrettable 


Jacques Feuillade 


HELLER R., ESNAULT R. et LANCE C., 1993 - Physiologie végétale. 1. Nutrition. 
Abrégés Masson ed., 294 p. 


Voici donc la cinquième édition de cet ouvrage de base qui résume les principes fondamen- 
taux de la physiologie végétale et dont la première version remonte à 1977, Elle est cosignée, cette 
fois, par Heller, auteur principal et créateur du document initial et par Esnault et Lance qui ont, 
chacun, apporté ici leurs compétences. 

Les quinze chapitres qui composent ce livre sont bien équilibrés, remarquablement illustrés 
et très clairement expliqués bénéficiant en cela de l'expérience pédagogique des auteurs. Des apports 
nouveaux distinguent cette édition des précédentes. Il s'agit, entre autre, de la réduction des nitrites, 
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de la dégradation des lipides, du dioxyde de carbone atmosphérique et de l'effet de serre, de l'origine 
des protéines chloroplastiques, de la théorie endosymbiotique de l’origine du plaste, etc. 

D'excellents schémas dont la compréhension est encore facilitée par l'emploi (nouveauté 
encore!) de la couleur, permettent d'illustrer les grandes étape du métabolisme. Si le deuxième 
volume, qui devra traiter du développement, est d'aussi bonne facture, l'ensemble des deux consti- 
tuera l'ouvrage incontournable pour tous ceux, étudiants et chercheurs, concernés et passionnés par 
tous les mécanismes régissant la vie des végétaux: 

Trois critiques, toutefois, peuvent être faites, qui pourraient être utiles à la rédaction de la 
sixième édition. Dans le cas de la nutrition azotée (chapitre 8), parmi les diazotrophes, il conviendrait 
d'ajouter les Cyanobactéries équipées de vacuoles gazeuses, organites permettant la fixation de 
l'azote atmosphérique. Dans le paragraphe 10 (Photosynthèse: étude générale), il faudrait supprimer, 
à propos des algues, la chlorophylle d dont il a été démontré récemment qu'il s'agissait d'un artefact. 
Enfin, et toujours dans le même chapitre, on peut regretter que les spectres d'absorption fournis 
comme exemple datent de 1950, bien des travaux ont été publiés depuis! 


Alain Couté 
CALVO S., BARONE R., NASELLI FLORES L., FRADA ORESTANO C., DON- 


GARRA G., LUGARO A. and GENCHI G., 1993 - Limnological studies on lakes and 
reservoirs of Sicily. Naturalista Siciliano, 17 suppl., ser. quarta, 292 p. 





Les auteurs étudient 31 collections aquatiques de la Sicile: conditions physiques, tempéra- 
ture, transparence, conductivité, chimie de l'eau, phytoplancton et zooplancton et évolution du 
plancton suivant les saisons. 131 taxons d'algues sont signalés; les Chlorophycées sont dominantes 
(surtout des Chlorococcales) avec 56 taxons, puis viennent les Diatomées (20 taxons), les Eugléno- 
phycées (11 taxons), les Dinophycées (5 taxons), les Cryptophycées (4 taxons) et les Chrysophycées 
(4 taxons). Bibliographie très complète; excellente cartographie des lacs et réservoirs de Sicile. Ce 
volume est une très bonne synthèse de nos connaissances sur la limnologie de ces milieux 


P. Bourrelly 


COCQUYT C., VYVERMAN W. and COMPERE P., 1993 - A check-list of the flora 
of the East African Great Lakes (Malawi, Tanganyika and Victoria). Scripta Bota- 
nica Belgica, vol. 8, 55 p. 


La série des 3 grands lacs africains a fait l’objet de nombreux travaux depuis les études de 
Schmidle en 1898. Les auteurs de cette brochure font une mise au point sur les taxons signalés dans 
ces trois grands lacs, Ils arrivent à un total de 1472 taxons appartenant à 228 genres. Les Diatomées 
sont dominantes avec 626 taxons et 49 genres, suivies par les Chlorophytes, 532 taxons de 102 
genres. Le lac Malawi possède 508 taxons (dont 114 genres), le Tanganyika 927 taxons avec 185 
genres et le Victoria 601 taxons (117 genres). Une liste de synonymie er une bibliographie termine 
cet intéressant travail. 

P. Bourrelly 


YAMAGISHI T. and AKIYAMA M. (Eds), 1993 - Photomicrographs of the Fresh- 
water Algae. Vol. 11. Uchida Rokakuho, xi + 100 p. Tokyo, Japan. 


Dans ce volume, les auteurs présentent 100 planches de 100 taxons d'algues d'eau douce 
classés par ordre alphabétique. Nous y trouvons des espèces des genres Arthrodesmus, Characium, 
Characiopsis, Closterium (4 taxons), Cosmarium (18 taxons), Desmatractum (2), Euastrum (3), 
Euglena (1), Hydreanum (1), Lepocindis (1), Lyngbya (1), Mallomonas (26), Micrasterias (3), Ony- 
chonema (1), Oscillatoria (1), Pandorina (1), Pediastrum (2), Peroniella (1), Pleurotaenium (1), 
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Radiofilum (2), Schizothrix (2), Seytonema (1), Staurastrum (11), Stigonema (1), Treubaria (3), 
Xanthidium (8). Pour chaque planche nous avons des microphotos souvent accompagnées de dessins 
et avec deux diagnoses, l'une en japonais, l'autre en anglais; ces volumes constituent une excellente 
documentation pour les systématiciens 


P. Bourrelly 


YAMAGISHI T. and AKIYAMA M., 1994 - Photomicrographs of the Freshwater 
Algae. Vol. 12. Uchida Rokakuho, xi + 100 p. Tokyo, Japan. 


‘Comme dans les volumes précédents, les auteurs classent leurs fiches sur les Algues par 
ordre alphabétique. Chaque taxon est représenté par une page avec microphotos, souvent accompa- 
gnées d'un dessin, et une diagnose en japonais et en anglais. Ainsi dans ce volume nous trouvons 17 
Cosmarium, 11 Euastrum, 21 Mallomonas, 18 Staurastrum. Le volume groupe 100 taxons: 
l’ensemble des 12 volumes nous donne donc 1200 taxons d'algues d’eau douce. 


P. Bourrelly 


ZANEVELD J.S., 1993 - Iconography of Antarctic and Sub-Antarctic Benthic 
Marine Algae. Part IJ. Phaeophycophyta. Cryptogamic Studies Vol. 4. Gustav 
Fischer, Stuttgart, Jena, New York, 2 cartes + 125 p. incluant 98 pl. 


Cet ouvrage fait suite à: « Iconography of Antarctic and Sub-Antarctis Marine Algae. Part I. 
Chlorophycophyta and Chrysophycophyta », dù même auteur (J. Cramer, 1969), Celui-ci a rassem- 
blé un certain nombre de documents photographiques réalisés à partir de spécimens d'herbier en 
provenance de divers Muséums. Pour l'essentiel, ces documents se rapportent à des échantillons 
historiques pouvant, selon les cas, correspondre à des types. Les photographies illustrent 48 des 
espèces de Phéophycées citées par Papenfuss (Antarctic Research Series, 1964) dans son 
« Catalogue and bibliography of antarctic and sub-antarctic benthic marine algae ». L'auteur suit le 
Catalogue de Papenfuss, conservant d’ailleurs la dénomination Phaeophycophyta, mais effectue 
quelques remises à jour taxinomiques rendues nécessaires par l'évolution des connaissances. 

Il s'est malheureusement glissé quelques coquilles lors de l'impression, comme l'attribution 
de l'exemplaire de la planche 67 à Colpomenia sinuosa au lieu de Desmarestia rossii; cela ne devrait 
pas perturber l'intérêt des lecteurs étudiant les régions antarctiques et subantarctiques pour qui cet 
ouvrage constitue un document utile. 





B. de Reviers 


ABBOTT LA. (ed.), 1994 - Taxonomy of Economic Seaweeds. With reference to 
some Pacific species. Vol. IV. Published by the California Sea Grant College, Univer- 
sity of California, La Jolla, xvii + 200 p. 


Cet ouvrage, préfacé par J.J. Sullivan correspond à la publication des résultats d'une table 
ronde tenue au Japon en juillet 1991. L'introduction générale est rédigée par L.A. Abbott qui récapi- 
tule l'origine et l'historique de la série Taxonomy of Economic Seaweed. Quoique traitant d'algues 
d'intérêt économique, ce volume est, avant tout, un ouvrage de taxinomie concernant des algues 
marines benthiques du Pacifique. Il est divisé en quatre sections: les trois premières traitant respecti- 
vement des genres Sargassum, Gelidium et Gracilaria (genres où l'identification et la délimitation 
des espèces sont très délicates) et la quatrième des Phyllophoraceae, en particulier du genre Ahnfel- 
tiopsis récemment validé par Silva et De Cew (Phycologia 31 (6): 576-580, 1992). 

La section I comprend une introduction de Abbott rappelant le travail de titan que représente 
la systématique du genre Sargassum, suivie de quatre articles. Trono Jr. valide et typifie 12 espèces 
des 13 qu'il avait décrites dans le volume 3 de la série (1992). Dans cet article, comme dans certains 
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autres, on constate que les auteurs n'on étudié que les types déposés dans les collections asiatiques, 
ce qui aboutit à une certaine hétérogénéité des résultats. Ajisaka er al. fournissent une clef dichoto- 
mique des 5 espèces de sargasses est-asiatiques possédant des rameaux foliacés divisés (dont un 
Sargassum sp.) qu'ils reconnaissent comme valides, après avoir placé en synonymie S. alterno- 
pinnatum Yamada et S. asymmetricum Yamada ainsi que, quoiqu’avec moins de certitude, S, 
hyugaense Yamada et S. salicifoliodes Yamada. Noro et al. ont étudié 10 espèces du sous-genre 
Sargassum de la région indo-pacifique, série Glomerulatae de la section Acanthocarpicae; 5 d'entre 
elles sont placées en synonymie et une clef des 5 autres, considérées comme valides et redécrites, est 
donnée par les auteurs. Noro & Abbott ont identifié 6 espèces de Nouvelle-Calédonie et une de 
Tahiti a partir de 16 spécimens; les auteurs soulignent le peu de spécimens qu'ils ont eu à leur dispo- 
sition et la prudence qu'ils conseillent, en conséquence, d'observer vis-à-vis de ces identifications. 

La section Il comporte une introduction de Santelices qui rappelle l'importance, tant éco- 
nomique que taxinomique, des genres d’agarophytes Gelidium et Pterocladia, au Japon, ainsi que 3 
articles. Santelices étudie la variabilité de G. amansii Lamouroux dans les zones sino-japonaise, 
malgache et philippine et conclut à une seule espèce pour l'ensemble, au contraire de Norris (Jpn. J. 
Phycol. 38: 35-42, 1990) qui proposait de restreindre l'espèce à Madagascar. Santelices & Miyata 
comparent G. pacificum Okamura, G. cartilagineum var. robustum Gardner et G. amansii Lamou- 
roux. G. pacificum se distingue nettement des deux autres. La ressemblance morphologique entre G. 
pacificum (Japon) et G. robustum (Californie) est un des arguments invoqués pour souligner une 
certaine convergence entre les flores marines de ces deux régions, L'article de Lee, qui termine cette 
section, débute par une introduction très intéressante rappelant l’origine historique des descriptions 
des Gélidiales de Corée. 6 espèces coréennes de Gelidium sont étudiées. G. amansii de ce pays n'est 
pas comparé au type, mais est comparé, et considéré comme identique, à l'espèce japonaise; or 
Santelices, dans le premier article de cette section, démontre que celle-ci est identique au type de 
Lamouroux, la détermination de G. amansii de Corée en est donc confortée. 

Dans l'introduction de la section II, suivie de 7 articles, Abbott rappelle l'impossibilité 
d'attribuer avec certitude à des genres botaniques tels que Gracilariopsis, les exemplaires stériles du 
genre Gracilaria au sens commercial et s'interroge sur l'opportunité de conserver ces genres (ou 
sous-genres). Hoyle décrit de Hawaï une nouvelle espèce de gracilaire (G. dawsonii, à section du 
thalle aplatie) et effectue par la même occasion une synthèse des caractéristiques morphologiques et 
de l'habitat de 10 autres espèces aplaties, non prolifères. Yamamoto & Trono Jr. décrivent 2 nouvel- 
les espèces des Philippines (G. manilaensis et G, sullivanii), Zhang & Xia décrivent 2 nouvelles 
espèces de Chine (G. glomerata et G. yamamotoi); G. cuneifolia est signalé pour la première fois 
depuis son unique récolte au Japon. Abbott réexamine les espèces décrites pour les Philippines et 
compilées par Silva er al. (Smithsonian Contrib. Mar. Sci. N* 27, 1987); la distribution de 9 de ces 
espèces dans l'archipel philippin est redéfinie, la présence de trois d'entre elles est mentionnée pour 
la première fois. Chirapart er al. décrivent une gracilaire dont seule le tétrasporophyte est connu; 
celle-ci semble nouvelle pour le Japon. Phang, après une introduction historique intéressante rappe- 
Jant les premières expéditions en Malaisie et à Singapour, fournit une clef dichotomique des 6 espè- 
ces de ces régions, des précisions sur leur répartition ainsi que, pour plusieurs taxons, leur rendement 
d'extraction en agar et la force de gel de celui-ci. Lewmanomont fournit une clef dichotomique des 
13 espèces de Thaïlande dont une est nouvellement décrite (G. minuta) et quatre sont mentionnées 
pour la première fois dans cette région. 

L'introduction, suivie de 2 articles, de la section IV, par Masuda & Norris, est une synthèse, 
incluant une clef dichotomique, des descriptions, types de cycle de vie et types de carraghénanes des 
11 genres de Phyllophoraceae. Masuda ef al. réexaminent les genres japonais de Phyllophoraceae, 
concluent à la seule présence des genres Ahnfeltiopsis et Stenogramme et fournissent une clef de 
détermination des 13 espèces d’Ahnfeltiopsis de la région ouest-Pacifique. Dans le dernier article, 
Norris place les 3 Phyllophoraceae hawaïennes dans le genre Ahnféltiopsis, en raison de leur cycle de 
vie. 

B. de Reviers 
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